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ABSTRACT

The application of electrolytic hygrometer cells for
the measurement of atmospheric moisture and carbon dioxide was
inveatigated, A carbon dioxide——moigture converter was devised.
After system feasibility was proved, a laboratory model was built.
Some difficulties were experienced with capillary electrolytic
cells and flow control, The selection of optimum components is
important.
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SECTION 1
INTRODUCTION

This project investigated the application of electrolytic hy-
grometer cells to the measurement of moigture and carbon dioxide in the
atmosphere. 'The commercially available cells consisted of a pair of
helical electrodes enclosed in capillary tubing and coated with phosphorus
pentoxide., As air is drawn through a cell, moigture is scavenged by the
phosphorus pentoxide and is continuously electrolyzed to hydrogen and
oxygen by an impressed voltage, The resulting electrolysis current pro-
vides a measure of the moigture content of the flowing airstream. Through
the use of a chemical converter, carbon dioxide can be converted to an
equivalent amount of water and measured by the same technique.

A breadboard model was built to test the operation of the hy-
grometer cells over a wide range of moisture levels and to investigate
the carbon dioxide conversion principle., Difficulties were experienced
with several of the componentg, but the principle of operation of the pro-
posed instrument appeared to be sound., In particular, difficulty was ex-
perienced in attaining adequate flow control across the varying flow
resistances of the system,

When the preliminary design investigation had been completed
using the breadboard instrument, a laboratory model was built and calibrated.
Many modificatione were incorporated in the redesign, including the adapta-
tion of the gystem to operation on 28-volt, d-e¢ power. The flow control
system was refined to sttain a constant and reproducible sampling rate.



SECTION II
PRINCIPLE OF OPERATION

The principle of measurement in the Atmospheric Monitor is
the electrochemical equivalence of a given amount of water to a measur-
able quantity of electricity, The measured gquantity of electricity is
the amount usged in electrolytic decomposition of water according to the
following reaction:

B0 —> H,+1/20,
q = 2 X 96,500 coulombs/mole (1)

Hence, if a quantity of water ig absorbed from an air sample and com-
pletely electrolyzed, each mole (18 grams) of water is represented by a
current-time integral of 193,000 coulombs.

If the water to be determined is a2 component of a flowing air
stream, the measurement can be made even more simply, provided that the
flow rate is constant. 1In this case, the instantaneous current level in-
dicates the mole fraction or volumetric fraction of water in the stream.
For example, a flow of 20 ml/min of air containing 1.0 percent moisture
by volume produces a current of 28,6 ma, The value is calculated as
follows:

1.0% H20 X 20 ml/min = 0.2 m1/min H.O

2
0.2 ml/min Hs0 -6
35 514 ml/mole * 8.9 X 10~ mole/min H,0
-6 min
8.9 X 10 = mole/min X 193,000 coul/mole X 1/60 o
= 2,86 X 10'2 coul/sec = amperes (2)

The absorption-electrolysis cell is the heart of the Atmospheric
Monitor. It consists of a 26~inch plastic capillary on whose inner wall
are wound a pair of helical rhodium wire electrodes, The electrodes are
coated with a thin layer of phosphorus pentoxide, a strong water absorbent,
The entire capillary is formed into a helix and potted in an outer metal
casing.

As a moist gas is pessed through the absorption-electrolysis
cell, the water reacts instantaneously with the phosphorus pentoxide layer
to form phosgphoric acid, a strong electrolyte, A voltage impressed across
the electrodes causes electrolysis of the acid, restoring the system and
liberating an amount of hydrogen and oxygen equivalent to the water absorbed.
Meanwhile, the current in the electrolysis circuit is a measure of the
transient amount of water being absorbed in the cell,



A chemical converter enables the electrolysis principle to be
used gimilarly for the determination of carbon dioxide, The effluent
stream from the moigture determination, now dry, is passed through a
heated tube packed with lithium hydroxide. Each molecule of carbon
dioxide 1s exchanged for a molecule of water according to the following
reaction:

co, + 2LiOH ——y Lizco + H O 3)

2 3 2

The stream containing the liberated water is fed to & second absorption-
electrolysis cell and the water is measured exactly as before,



SECTION IIX
SYSTEM DESIGN, COMPONENT SELECTION, AND ASSEMBLY

One of the major problems involved in designing new equipment
is the selection of components best suited for the job they are to per-
form. Thus, much time wes devoted to the investigation and selection of
the components for this system. Consideration was given to such factors
as welpght, power requirements, size, durability, and cost.

The choice of cells for the Atmospheric Monitor wes dictated by
geveral factors: Standard Swagelok fittings are used, making for easy
connections; the electrodes are made of rhodium rather than platinum, said
to lessen the possibility of reverse reactionsg; and the outer construction
is of a very sturdy and durable design.

After long operation, a fault was revesled in the construction of
the absorption-electrolysis cells employed, which might have been prevented
by the use of glass capillery tubing. The capillary tubing, made of Teflon
in cells employed, tends to soften slightly with normal cell heating, causing
a change in flow resistance,

Because carbon dioxide converters were not commercially available,
one was designed and built in our laboratory. It consgists of a nickel pipe
nipple (1/4-inch pipe X 7 inches length) heated by an external heating
jacket. The tube is simply packed with lithium hydroxide and controlled
to 150° C by a thermostat. The 5-gram charge of lithium hydroxide has a
theoretical conversion capacity of 0,10 mole carbon dioxide; this amounts
to 1866 hours continuous instrument operation at 0,1% carbon dioxide concen-
tration and 20 ml/min flow., Tests showed that complete conversion was ob-
tained for at least 80 percent of the theoretical converter life. Thus the
converted should be recharged every 1500 hours if the average measured
carbon dioxide level is 0.1 percent or every 300 hours if the average measured
level is 0.5 percent,

As a precaution against erroneous carbon dioxide measurements, &
drying tube was provided ahead of the carbon dioxide converter. Thus a mal-
function of the moisture measuring system 1s prevented from affecting the
carbon dloxide system, It is good practice to recharge the drying tube with
calcium sulfate each time the converter is recharged.

An area of unexpected problems lay in the design of the flow control
and metering system, A fundamental difficulty is the lack of commercial
availability of components such as pumps, valves and regulators designed for
the very small gas flows needed in the Atmospheric Monitor. A diaphragm-
action pump was chogen for sampling the air into the instrument. The pump
is oversized by a factor of at least five in capacity, but is the smallest
available, The substitution of a smalier pump, now under commercial develcp-
ment, may result in a considerable reduction in the weight and power consump-
tion of the instrument.



The airflow was controlled by fine metering valves frequently
used to control small gas flows fn gas chromatographs,

A differential flow controller was incorporated in the bread-
board model to provide flow stability., It was eventually discarded, how-
ever, because it tended to break into oscillation, causing wide fluctua-
tions in gas flow. Flow stability was finally achieved using two needle
valves, affording flow regulation in two stages as described in the in-
struction manual accompanying the fngtrument.

The bresdboard model Atmospheric Monitor is showm in front and
rear fiews in figures 1 and 2. The first instriment wass set up in this
manner to permit open accessibility to components and easy adaptability
to degign changes, This inatrument operated on 115 volts a-c; the d-c
electrolysis current was supplied by a solid-state, line-operated power
supply, regulated to 75.0 volts *0,05 percent.

A series of standard concentrations of moisture and carbon dioxide
wag used for instrument tests and calibration. For the carbon dioxide
megsurements, two premixed samples of carbon dioxide {n nitrogen were pre-
pared in gas cylinders. These had nominal concentrations of 0.5 and 2,0
percent by volume, and were analyzed in our laboratory by mass spectrometry,
The preparation of moisture standards is problematic, and this task was
approached in two ways, First, an accurate, blower-equipped hygrometer
was obtained so that ambient air under varying weather conditions could be
utilized as a calibration standard. Second, an apparatus was deviged to
saturate air with water at the ice point, Satisfactery equilibrium is
difficult to achieve, but was finally accomplished using two gas bottles
in series, followed by a glass wool filter to trap entrained water. The
entire apparatus was kept submerged in an ice bath.

Calibration curves of flow rate versus response were run with
each standard to determine the range of linearity of the instrument, 1In
general, linearity is good up to concentrations of 2 percent moisture or
carbon dioxide by volume when the flow rate is maintained at 20 ml/min.

The range may be increased somewhat by correspondingly decreasing the flow
rate. Typical calibration curves for moisture and carbon dioxide are shown
in figures 3 and 4, respectively,



Front View of Breadboard Monitor.

Figure 1.
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SECTION IV
INSTRUMENT ASSEMBLY AND SPECIFICATIONS

The laboratory model Atmospheric Monitor, an evolution of the
breadboard model, is shown in figure 5. All of the components of the
system are designed for operation on 28 volts d-c. The electrolysis
voltage is obtained directly from the d-c supply, but is regulated to
22,0 volts by a pair of Zener diodes so that fluctuations in supply
voltage will not affect the instrument response, The readout meters
are from 0 to 10 ma Simpson meters, provided with switchable hand-wound
shunts to give a range increase from 0 to 100 ma. The electrical circuit
of the Monitor is shown in figure 6.

Figure 7 shows the flow system. The system uses the same com-
ponents as the breadboard model in a somewhat different arrangement, A
brass manifold, mounted on the inside rear panel, holds the electrolytic
cells, converter, and drying tube in an easily accessible position.

Figures 8 and 9 show interior views of the instrument and clarify
the placement of components, The two cells must be positioned as shown in
figure 9. All flow connections are made with 1/8-inch Teflon tubing and
Swagelok compression fittings.

Since it was necegsary to place the flowmeter in the system at
a point of reduced pressure, the calibration of the meter is arbitrary.
It is go calibrated that a setting of 6.0 on the flowmeter scale represents
a flow of 20 ml/minute at the inlet of the instrument. Recalibration is
beat done by means of an external displacement meter,

The final calibration charts for the instrument, given in the
instruction manual, were drawn from calibration points obtained with
standard mixtures,

The temperatureof the carbon dioxide converter is noncriticsl,
At a temperature of 120° C, conversion was found to be incomplete, whereas
a temperature of 175° C produced no improvement over 150° C, Accordingly,
the heating jacket was set to maintain 150° %50 ¢,
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SECTION V
CONCLUSIONS AND RECOMMENDATIONS

Experimental work indicated that the electrolytic method for
the measurement of atmospheric moisture and carbon dioxide is feasible.
A workable carbon dioxide-—water converter was devised which functioned
reliably throughout,

Moigture is clagsically difficult to measure because of the
problem of attaining a totally anhydrous background in the test environ-
ment. Any moisture-measuring system is subject to atmospheric moisture
adsorption during periods of idleness, and precautions must be taken to
avoid the influence of adsorbed moisture on subsequent measurements. In
the Atmospheric Monitor, care must be taken to avoid cell flooding from
condensed or adsorbed moisture entering the instrument while it is not in
uge, A heated inlet system could be installed to help solve this problem
in the laboratory model, although this should not be necessary in the
space application where continuous operation is assured,

The development of electrolytic hygrometer cells has not been
sufficiently advanced to realize the full potential of this device,
Presently available cells are designed primarily for low levels of
moisture, and the need is evident for a macro cell.

The availability of suitably small pumps, valves and flow control
systems is a problem in the development of air-sampling instruments. A
new type of maniature pump is being commercially developed. Within the
space capsule, pressure differentials undoubtedly exist acrosgs various
points in the air-circulation system. Utilization of such a differential
for sampling should eliminate the need for a pump.

Future efforts on an electrolytic atmospheric measurement system
should be directed toward improved components, particularly cells, Minia-
ture pumps and other components are necegsary to turn the present instru-
ment into flight-weight hardware. Except for thege components needs, the
instrument has excellent potential for an in-flight continuous measurement
system,

16



UNCLASSIFIED

Securify Classification

DOCUMENT CONTROL DATA - R&D

{Security classilication of title, body of abstract and indexing snnotation must be entered when the avsrall repart is classilied)

1 ORIGINATING ACTIVITY (Cerparate author) 28 REPORAT SECURITY C LASSIFICATION
Atlantic Research Corporation UNCLASSIFIED
Alexandria, Virginia 2b GROUP

N/A

3. REPORT TITLE

RESEARCH AND DEVELOPMENT OF A CONTINUOUS
ATMOSPHERIC MEASUREMENT SYSTEM

3 DESCRIPTIVE NOTES (Typs of report and inclusive dates)

Final report, December 1963 -~ December 1964

5. AUTHORY(S) (Last name, first name, initial}

Johns, Richard H.
McKissick, Alton M., Jr.

6. REPORT DATE 7a. TOTAL NO. OF PAGES 7h NO. OF REFS
May 1965 16 0
B8a. CONTRACT OR GRANT NO. AF 33(6 15)_1383 S& ORIGINATOR'S REPORT NUMBER(S)

b PROJECT N 0373

c. TaSk NO' 637302 9b. QTHER RJPO&T NO(S) (Any other numbers that may be assigned
this rapor

d AMRL-TR-65-75

10 AVAILABILITY/LIMITATION NOTICES

Qualified requesters may obtain coples of this report from DDC.
Available, for sale to the public, from the Clearinghouse for Federal Scientific and
Technical Information, CFSTI (formerly OTS), Sills Bldg, Springfield, Virginia 22151.

11 QUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Aerospace Medical Research Laboratories,
Aerospace Medical Division, Air Force
Systems Command, Wright-Patterson AFB, Ohio

13. ABSTRACT

The application of electrolytic hygrometer cells for the measurement of
atmospheric moisture and carbon dioxide was investigated. A carbon
dioxide—moisture converter was devised. After system feasibility was
proved, a laboratory model was built. Some difficulties were experienced
with capillary electrolytic cells and flow control. The selection of optimum
components is important.

DD .72, 1473 UNCLASSIFIED
AF-WP-B-AUG 64 400 Security Classification




UNCLASSIFIED

security Classification

14. LINK A LINK B LINK C

KEY WORDS ROLE | WT ROLE wT ROLE wWT

Meterological instruments
Meters (instrumentation)
Hygrometers

Carbon dioxide (converters)
Space technology

Atmosphere

Life support

Respiration

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address imposed by security classification, using standard statements
of the contractor, subcontractor, grantee, Department of De- such as:
fense activity or other organizatian (corporate author) issuing (1) “*Qualified requesters may obtain copies of this
the report. report from DDC."’
2a. REPORT SECUNTY CLASSIFICATION: Enter the over- (2) "Foreign announcement and dissemination of this

all security classification of the report, Indicate whether . ; »
‘“Restricted Data® is included. Marking ig to be in accord- report by DDC is not authorized.
ance with appropriate security regulations. (3 U S5 Government agencies may obtain copies of

26, GROUP: Automatic downgrading is specified in DoD Di- tu}::r;eslggldrl::ﬁ::t ';rl-(:rzug}?c Other quatified DDC
rective 5200.10 and Armed Forces Industrial Manual. Enter

the group number. Also, when applicable, show that optional [
markings have been used for Group 3 and Group 4 as author- (4) *'U. 5. military agencies may obtain copies of this
ized. repart directly ftom DDC. Other qualified users

3. REPORT TITLE: Enter the complete report title in all shall regquest through

capital letters. Titles in all cases should be unclaesified, "
If a meaningful title cannot be selected without classifica- b

H

tion, show title classification in all capitals in parenthesis (5) "All distribution of this report is controlied. Qual-
immediately following the title, ified DDC users shail request through

4. DESCRIPTIVE NOTES: If appropriate, enter the.type of M
report, e.g., interim, progress, summary, annual, of final, If the report has been furnished to the Office of Technical
Give the inclusive dates when a specific reporting period is Services, Department of Commerce, for sale to the public, indi-
covered. cate this fact and enter the price, if known

5. AUTHOR(S): Enter the name(s) of author(s) as shown on 1. SUPPLEMENTARY NOTES: Use for additional explana-

or in the report. Enter last name, first name, middle initial,

tor o
If military, show rank and branch of service. The name of Ty notes.

the principal author is an absolute minimum requirement. tl}? dSPONwR;IIIWG MlLITﬁ;:_QY AC'{‘IEITY: Enter the nar;:e of
~ . e departmental project office or laboratory sponsoring (pay-

6. REPORT DATE: Enter the date of the report as day, ing for) the research and development. Include address.

menth, year, or month, yeat. If more than one dete appears, - )

on the report, use date of publication. 13. ABSTRACT: Enter an abatract giving e brief and factual

summary of the document indicative of the report, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e., enter the

number of pages containing information be attached.

7. NUMBER OF: REFERENCES: Enter the total number of It is highly desirable that the abstract of classified reports
references cited in the report. be unclassified. Each paragraph of the abstract shall end with
8a. CONTRACT OR GRANT NUMBEFR: If appropriate, enter an ind@cat_ion of the military security classification of the in-
the applicable number of the contract or grant under which formation in the paragraph, represented as (TS5), (S}, (C). or (U}
the report was written There is no limitation on the length of the abstract. How-
8%, B¢, & Bd. PROJECT NUMBER: Enter the sppropriate ever, the suggested length is from 150 to 225 words.

military department identification, such as project number,

subproject number, system numbers, task number, ete, 14. KEY WORDS: Key words are technically meaningful terms

or short phrases that characterize a report and may be used as

9a. ORIGINATOR’S REPORT NUMBER(S): Enter the offi- index entries for cataloging the report. Key words must be

cial report number by which the document will be identified selected so that no security classification is required. Identi-
and controlled by the originating activity, This number must fiers, such as equipment model designation, trade name, military
be unique to this report. project code name, geographic location, may be used as key

9b. OTHER REPORT NUMBER(S): If the report has been words but will be followed by an indication of technical con-

assigned any other repcrt numbers (either by the originator text. The assignment of links, rules, and weights is optional.

or by the sponsor), also enter this number{s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those

UNCLASSIFIED

Security Classification



