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ABSTRACT

A leak detection system has been developed, consisting of a tape that
can be wrapped around possible leak sites on a system pressurized with air
or gaseous nitrogen. Carbon monoxide, at a level of 100 to 1000 parts per
million is used as a trace gas in the pressurized system. The sensitive
element of the tape is palladium chloride supported on specially prepared
silica gel and specially dried. At a CO level of 100 ppm and a leak rate
of 10-20 ml/hr, discoloration of the sensitive element is observed in 1.5
to 3 min. The tape and trace gas are compatible with aerospace hardware,

safe to handle, and economically reasonable to produce and handle.
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I. INTRODUCTION

A. Historical review

Detection of minute leaks in pressurized systems poses a difficult task.
Soap bubbles, gaseous reactions, etc., that have served as classical leak de-
tectors for many years fail to demonstrate sufficient response within the
useful exposure period of the test medium. There is required, instead,

a system which can be applied to a suspected leak area, remain in contact for
an extended period of time, and show an easily detectable response during
that contact period.

As a part of a total project to develop a leak detection system fpr use
on aerospace hardware, this task was directed to the development of a tape
that could be wrapped around possible leak sites on a system pressurized with
air or gaseous nitrogen containing a suitable reactive trace gas. The tape
would contain a sensitive element reactive to the trace gas, such that a
color change in the sensitive element would indicate the presence of a leak.

B. Technical requirements

Exhibit "A" of the Request for Proposal stated the technical requirements
for the contract work as follows:

1. General description of the work

The work required under this contract consists of literature search
and laboratory testing to find a combination of gas(es) and chemicals which
would meet the requirements. The end product of the task would be a formal
report and a small quantity of material samples that the contractor had
determined to be useful.
The literature search and the laboratory testing are expected to progress
concurrently with the laboratory evaluating materials suggested by the literature

search as they come up.



Approval of the literature search and/or analytical work by the Government
is not required before it is evaluated in the laboratory;

2. Material compatibility requirements

The trace gas and the impregnated paper tape shall not react with
the materials commonly used in aerospace hardware, including but not restricted
to stainless steels, aluminum alloys, copper, brass, polymers used for '"0"
rings, valve seats, and seals, and lubricants. This inert behavior shall
obtain at pressures ranging from 0 PSIA to 4,000 PSI, and at temperatures
ranging from -250°F to +250°F.

3. Safety requirements

The gas used as a trace gas in the inert (GN2 or air) pressufant
shall be readily transported, stored, and used with standard pneumatic equip-
ment and practices in common use. The gas shall be nontoxic in all concentra-
tions. Asphyxiation hazard is acceptable. Combustible gases will be acceptable
only if the recommended concentration in air is well below the lower limit of
combustible ratios.

4, Sensitivity

The sensitivity of the system shall be defined in terms of leak
rate and time duration when the sensitized paper is placed over a pinhole
simulating a leak. The minimum acceptable sensitivity shall be such that a
well defined, easily seen color change shall take place on the paper tape
when ekposed to a simulated leak of 1 x 10-4 standard cubic centimeters per
second (sccs) for one hour. Greater sensitivity is desired if obtainable.

5. Display characteristics

It is desired that the color change will be a direct result of the
leaking trace gas; however, a developing technique will be accepted. The dis-

play shall be stable at least two hours after removal from the leak.



II. LITERATURE SURVEY

An exhaustive survey of the chemical literature was made to select likely
candidate test gases and reagents for the tracer system under investigation.
Table 1 is a list of the sources used in this search. This list is an extensive
one and would indicate a very time-consuming search; however, the severe
limitations placed upon candidate materials in the ébove technical requirements
made the search primarily one of elimination, rather than selection.

It was clear at the outset that, in order to meet the specified require-
ments of material compatibility and safety, the gas would have to be a low-
molecular-weight, not very polar and non-hydrogen bonding species. 1Its reac-
tivity would have to be fdirly high in order to give a visible response within
the required limits of concentration and flow rate. On the other hand, its
reactivity could not be too high for compatibility with aerospace materials.

It was agreed that toxicity was a function of concentration andAthat use of
a sufficiently low concentration to pose no health hazard would comply with
the '"nmon-toxic'" requirement.

On the basis of these considerations, the following gases were selected
for experimental evaluation of their potential as trace gases: oxygen, nitrous
oxide, ethylene, 1,3 butadiene, and carbon monoxide. A description of these
gases and results obtained in their evaluation are given in the following

section.



Table 1

SOURCES INCLUDED IN LITERATURE SURVEY

Analytical abstracts
Bayer, Gasanalyse, Methoden der arbeitspraxis
Beilstein's Handbuch der organischen chemie

Benedetti-Pichler, Identification of materials via physical properties,
chemical tests and microscopy

British abstracts

Bulletin signaletique de chemie

Chemical abstracts

Chemisches Zentralblatt

Current abstracts of chemistry and index chemicus
Dictionary of organic compounds

Din, Thermodynamic functions of gases
Elsevier's Encyclopedia of organic chemistry
Feigl, Spot tests in inorganic analysis
Fresenius, Zeitschrift fur analytische chemie
Gmelin's Handbuch der anorganischen chemie
Grignard, Traite de chemie organique

Handbuch der amalytischen chemie

Handbook of chemical data (Reinhold, pub)
Handbook of chemistry and physics (CRC, pub)
Hickenbottom, Reactions of organic compounds

Hoppe-Seyler, Handbuch der physiologisch und pathologischchemischen
analyse, fur arzte, biologen, und chemiker

Houben-Wehl, Methoden der organischen chemie

International aerospace abstracts

International encyclopedia of physical chemistry and chemical physics
Jacobson, Encyclopedia of chemical reactions

Kirk-Othmer, Encyclopedia of chemical technology

Kolthoff, Treatise on analytical chemistry

Landolt-Bornstein, Physikalisch-chemische tabellen

Lange, Handbook of chemistry



Table 1 (continued)

SOURCES INCLUDED IN LITERATURE SURVEY

Liebig's Annalen der chemie

Mellor, Comprehensive treatise on inorganic and theoretical chemistry
Nihon Kagaku Soran, Complete chemical abstracts of Japan
Nuclear science abstracts

Organic analysis (Interscience)

Organic reaction mechanisms (Interscience)

Organic reactions - Wiley, (pub)

Pascal, Nouveau traite de chemie minerale

Reilly, Physico-chemical methods

Rodd, chemistry of carbon compounds

Ruch, Chemical detection of gaseous pollutants
Scientific and technical aerospace reports

Scott, Standard methods of chemical analysis

Snell, Colorimetric methods of analysis

Snell, Commercial methods of amnalysis

Snell, Encyclopedia of industrial chemical analysis
Standard methods of chemical analysis (pub-Van Nostrand)
Thorpe's Dictionary of applied chemistry

Timmermann, Physico-chemical constants of pure organic compounds
U. S. Government research and development reports
Weissberger, Technique of organic chemistry

Welcher, Organic analytical reagents

Zeitschrift fur anorganische und allgemeine chemie

Zeitschrift fur physikalische chemie



III. EXPERIMENTAL PROCEDURES AND RESULTS

A. Test gas mixtures (12,13)

The preceeding literature survey revealed only fivg candidate test gases
which were sufficiently active to be detected by a color reaction, and yet
were non-flammable, non-toxic, and compatible with the materials used in
aerospace hardware over a wide range of temperatures and pressures. Prelim-
inary screening experiments rapidly eliminated all but one of the candidate
gases.

1. Oxygen (1-3)

All of the physical and chemical criteria for a test gas were met,
but the problem of completely excluding air appeared to be insurmountable
in the simple system desired. Among the obstacles to its use were removal
of air from the tape after application to the suspected leak, and subsequent
release of encapsulated reagents in the order required for a sensitive test.
No experimental system for oxygen as trace gas was devised.

2. Nitrous oxide

Preliminary experiments with nitrous oxide indicated that this
non-toxic and non-irritating gas could be detected by acidulated starch-
iodide test papers, but only after prolonged exposure at a high concentration.
No better test was discovered.

3. Unsaturated hydrocarbons (6)

Mixtures of ethylene or 1,3-butadiene with air failed in preliminary
experiments to give color changes with indicators at concentrations below
their flammable limits.

4, Carbon monoxide (11,12,13)

Carbon monoxide, though ordinarily considered both flammable and

highly toxic, could readily be detected at concentrations as low as 100 parts



per million in air. At a concentration of 0.1 percent (1000 ppm) in air

the color change was both rapid and easily visible. This latter concentration

is well below the flammable limit of carbon monoxide in air and is described

as "causing unpleasant symptoms, but not dangerous after one hour of exposure.''(13)

B. Indicator systems

Experimental development of indicator devices was restricted to systems
for the detection of carbon monoxide. The two types of indicator reactions
studied were the reduction of palladium salts to form palladium black, and the
palladium catalyzed reduction of yellow salts of molybdenum heteropolyacids to
form molydenenum blue. In the latter, the progressive color change from
yellow to green to dark blue would be related to the amount of carbon monoxide
to which the test tape had been exposed.

1. Test reagents

A major portion of the experimental work was performed with relatively
few stock test reagents. The formulation of the principal reagents is described
here.

a., Palladium sulfate solution. Chloride free palladium sulfate

solutions were prepared by heating palladium black overnight‘at 600°C and
digesting the resulting mixture of metal and oxide under reflux with sulfuric
acid for several days. The refluxed mixture, after dilution with distilled
water, was filtered through a sintered glass funnel, and the concentrations

of sulfate and dissolved pélladium in the filtrate were determined. Sufficient
distilled water and sulfuric acid were added to give a final concentration

of 13 grams of palladium and 330 grams of sulfuric acid per liter. The

solution was stored in a polyethylene stoppered Pyrex bottle.



b. Palladium chloride solution (stock). One-half gram of palladium

chloride was dissolved in a one-percent solution of hydrochloric acid in
distilled water. The solution was stored in a glass stoppered bottle.

c. Ammonium molybdate solution (neutral). Fifty grams of ammonium

molybdate were dissolved in 1000 ml distilled water.

‘'d. Ammonium molybdate solution (acid). A cool solution of 100

grams of molybdic oxide in 144 ml of ammonium hydroxide and 271 ml of
distilled water was poured slowly, with constant stirring, into a cooled
mixture of 489 ml of concentrated nitric acid and 1150 ml of distilled water.
The combined solutions were stored in a tightly closed glass bottle for
forth-eight hours. Portions of this solution were filtered immediately
before use.

e. Phosphoric acid solution. Two ml of 85 percent phosphoric

acid and 5 ml concentrated nitric acid were dissolved in 100 ml distilled water.

f. Lithium molybdate in ether. The initial preparation of this

reagent was similar to that described above for acid ammonium molybdate
except that lithium hydroxide was substituted for ammonia. The prepared
salt was extracted from an aqueous solution into diéthyl ether.

C. Evaluation of detector systems

1. Testing devices

a. Screening apparatus. The apparatus for initial screening experi-

ments, énd later evaluation of candidate systems, consisted of a 500 ml conical
beaker whose top was closed by a plastic film retained by a rubber band. A
gas tight hypodermic syringe was used to inject the desired amount of carbon
monoxide (usually 0.5 ml to give a 1000 ppm concentration). The puncture was

closed with '"Scotch'" tape, and the beaker, containing a few small pieces of



card stock, was shaken vigorously then allowed to stand approximately thirty
minutes. Samples were inserted by cautiously lifting one edge of the plastic
film and immediately reclosing the container. The samples consisted of strips
of the candidate indicator layer or of powdered or granular material pressed

into the adhesive side of "Scotch" tape and mounted on white card stock.

b. Leak test assembly. A testing device was assembled to permit
testing of tape samples at low gas leak rates. The assembly consists of a
steel cylinder with cutoff valves at each end, two needle valves for flow
rate regulation in series downstream from one of the cutoff valves, and a
flat plate assembly with a pinhole orifice dbwnstream from the flow rate
control valves. This assembly, shown in Figure 1, has been demonstrated to
George C. Marshall Space Flight Center personnel.

In operation, the cylinder was filled with test gas mixture at 50 psig.,
and the flow rate through the orifice was adjusted to approximately 10 ml/hr.
The tape to be tested was then placed over the pinhole orifice and a color
change was observed after several exposure periods.

Two commercially available calibration gas mixtures (The Matheson Company,
Morrow, Georgia) were used to evaluate tape samples. A mixture of 100 ppm
carbon monoxide (CO concentration '"Allowable for an exposure of eight hours"*)
in dry nitrogen gave very slow, almost imperceptible darkening of the test
tapes. A mixture of 0.1 percent carbon monoxide (CO concentration ''Causing
unpleésant symptoms, but not dangerous after one hour of exposure"*) in dry
nitrogen turned a test tape of palladium chloride on silica gel from light
tan to a dark gray in less than one minute. The more concentrated mixture was

used for preliminary leak testing. The less concentrated test mixture was

*
Matheson Gas Data Book, 4th ed., The Matheson Company, Inc., produced
by Herst Litho, Inc., New York, N. Y., 1966.




Figure 1. Orifice Test Assembly

a,a = Shut-off valves. b - Gas sampling tube. c - Coarse adjustment.
d.- Fine adjustment. e - Orifice plate

10



used for examining tape systems which had appeared highly sensitive with the
more concentrated test gas. The time required for a visible response with the
dilute (100 ppm CO) mixture in the pinhole leak test was only roughly twice
that required with the most concentrated (1000 ppm CO) mixture.

D. Candidate reactions

1., Palladium black systems. (7,8,9)

Support materials used for the palladium salts were: (a) finely
divided silicic acid powder, (b) gas chromatography grade silica in several
screened particle sizes, (c) Mylar backed TLC (thin layer chromatography)
sheets, and (d) silica sheets prepared in the laboratory. Impregnants consisted
of: (a) palladium chloride stock solution, (b) palladium chloride stock solution
diluted with electronic grade acetone, (c) pélladium sulfate solution, and
(d) palladium sulfate solution diluted with acetone. The test‘samples were
dried by various means and to various moisture 1evé1s before exposure of the
test gases.

Although all of the test specimens darkened in mixtures of carbon monoxide
or ethylene, the greatest sensitivity was shown initially by paliadium sulfate
on laboratory prepared silica sheets. Further experiments indicated that the
sensitivity of the dried or partially dried samples is closely related to their
final moisture content. Samples dried in an electric oven at 100°C or baked
under an infrared lamp became dark brown in color and lost most of their
sensitivity. Wetting and redrying these overdried samples did not restore
their sensitivity. The optimum sensitivity was obtained by drying the
impregnated silica gel to a very light tan color, at which point it became

free flowing.
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Later experiments showed that control of drying could produce a palladium
chloride/silica gel impregnate with still greater sensitivity. When dried
to optimum_sensitivity, palladium chloride impregnated samples, exposed to an
atmosphere of 1000 ppm of carbon monoxide in air, darkened visibly in 30 to
45 seconds. The response time for similarly exposed samples impregnated with
palladium sulfate was 60 to 90 seconds. Palladium chloride is a commercial
chemical; palladium sulfate, a laboratory preparation (see Section B-1).

The appearance of the exposed silica gel sample was strongly affected
by particle size. Material retained on an NBS No. 35 sieve darkened in

isolated spots to give a "

salt and pepper" effect. Samples passing an NBS
No. 200 sieve gave a diffuse gray color, which appeared to be relativeiy
slow in developing, probably because of lack of contrast with a white back-
ground. Samples prepared on silica passing a No. 35 screen and retained on
a No. 100 screen retained some of the '"salt and pepper' appearance exhibited
by the larger particles. The best visible response was shown by particles
passing a No. 100 screen but retained on a No. 200 screen. Particles of
this size retained most of the high contrast shown by the large granules
and still appeared to be uniformly darkened when viewed without magnification
against a white background. The relationship between visibility and particle
size held whether the particles were impregnated and dried before or after
screening.

Aithoqgh silica gel impregnated with palladium salts and carefully
dried darkens perceptibility on six to 21 day contact with pressure sensitive
adhesive, it has a shelf life of at least six months when stored in closed
containers. Sufficient moisture is retained to permit redox reactions of

the salt with carbon monoxide without free moisture to attack the pressure

sensitive tape.

12



2. Molybdenum blue systems. (3,4,5,7,10)

Laboratory preparation of an indicator gel similar to that used in
the National Bureau of Standards Carbon Monoxide Detector System failed to
produce the desired bright yellow material. Treatment of dried chromatographic
grade silica gel with neutral ammonium molybdate and stock palladium sﬁlfate
solution followed by drying in zggﬁg yielded a white material which gave only
the palladium black reaction with carbon monoxide. The shelf life of indicator
gel taken from commercially available sealed glass detector tubes was limited
to a few hours; hence, attempts to prepare a similar indicator for use on a’
leak detector tape were abandoned.

A slurry was prepared by mixing 0.5 g of ammonium-l2-molybdophosphate
in 10 ml acetone, adding sufficient palladium sulfate solution to produce
about 250 pg of palladium sulfate per gram of dry product, then mixing well
with 5 g of silica gel and air drying. Some tendency for the extremely fine
phosphomolybdate powder to separate from the larger silica granules was
observed. Test specimens prepared from this product gave a distinct color
change when exposed for 90 seconds to 160 ppm carbon monoxide in air. Further
exposure produced a dark, greenish-brown spot.

When it was observed that samples of this powder appeared to be turning
green in storage, the level of palladium catalyst was reduced to 5 ug per
gram of test powder. Little effect on shelf life was observed, but the
reduced.catalyst level did sharply reduce masking of the molybdenum color change
by palladium black.

| Four chemical oxidants were examined as retarders to prolong the shelf
life of the molybdenum blue test materials. Cupric chloride, cupric sulfate,

cupric nitrate, and ammonium nitrate at a level of 1 mg per gram of indicator

13



. powder gave a product which was brown when dry and insensitive to carbon
monoxide. The same concentration of ammonium nitrate led to a powder which
retained its yellow color for more than six months. Specimens prepared from
this retarded powder, however, required more than two hours for a visible
response to 1000 ppm carbon monoxide in air. All of the retarders were
introduced by pipet into the slurries as dilute aqueous or water-acetone
solutions before drying. Reduction of the ammonium nitrate level to 200 ug
per gram of powder provided a test powder which was stable in tightly stoppered
glass bottles and which gave a color response .to 1000 ppm carbon monoxide in
air in two to five minutes.

The behavior of commercially available ammonium-12-molybdophosphate
and ammonium-12-molybdosilicate (Research Organic/Inorganic Chemical Corporation,
Sun Valley, California) was similar to that observed for laboratory prepared
ammonium-12-molybdophosphate. The response times for ammonium-12-molybdosili-
cate, however, were roughly twice those required for the phosphates with
identical levels of catalyst, support, and retarder.

E. Support systems

To permit in situ observation of leak tests through a transparent pressure
sensitive tépe backing, some contrasting, opaque support for the colored
indicator was required. Filter paper pulp, macerated asbestos, and titanium
dioxide were added to the slurry, but proved to be unsuccessful. Mixtures

supported on filter paper turned green on drying, probably from traces of

reducing agents in the cellulosic material. The powder containing titanium
g dioxide was white and insensitive. The yellow indicator powder failed to

adhere to an asbestos support. A freshly prepared mixture supported on

activated alumina was successful but lost both color and sensitivity on

overnight standings.

14



Several test specimens of ammonium-12-molybdophosphate were prepared by
supporting a disc of filter paper (Whatman No. 40) on a Bﬁchner funnel,
adding a thin slurry of the indicator in water to the funnel, and drawing
it to the surface of the paper by means of a water aspirétor. These moist
discs were catalyzed and retarded by immersion in a Petri dish containing
5 ml of acetone, 0.05 ml (one drop) of a 1:50 dilution of palladium sulfate
stock solution, and 0.1 ml of 0.0l percent ammonium nitrate in water. The
samples were carefully dried by evaporating the solvent in a stream of warm
air. Freshly prepared test speciméns gave a color response when exposed to
1000 ppm carbon monoxide in air for less than two minutes. Unexposed specimens
cut from the same papers turned green on overnight standing in closed giass
containers. Stepwise increases in the amount of ammonium nitrate retarder
increased the time required for color response but failed to improve the
shelf life.

Similarly prepared samples on glass fiber paper (Reeve Angel No. 934AH)
gave similar color response times and improved shelf 1life. The adherence
of the yellow indicator powder to its support, however, was poor.

To avoid the undesirable separation of the indicator from its glass
filter support, the ammonium-12-molybdophosphate was prepared in situ. The
synthesis was accomplished by immersing glass filter paper in a two percent

solution of phosphoric acid in five percent nitric acid. The moistened

~ filter paper was then immersed in acid ammonium molybdate reagent, allowed

to stand for thirty minutes, then washed on a Buchner funnel with copious

quantities of distilled water.

15



Test specimens catalyzed with several levels of palladium sulfate in
dilute sulfuric acid all turned green on drying under an infra-red lamp
or on less than a week's standing over indicating silica gel or ammonium
nitrate in a desiccator. Specimens catalyzed with palladium sulfate and
retarded with small quantities of ammonium nitrate retained their color
when cautiously dried.

Glass filter paper was used as a support for palladium chloride indicator,
but the narrow moisture range needed for a sensitive palladium black reaction
with carbon monoxide required very careful drying and produced a strip with
extremely short-lived sensitivity when exposed to dry air.

F. Laminates

1. Components

a. Pressure sensitive tape. Several transparent pressure sensitive

tapes were examined as a means of retaining an indicating reagent layer over
a suspected leak. Each of the adhesives contained a reducing agent, which
discolored a yellow heteropoly molybdate reagent within a few hours, unless
an unacceptably high level of ammonium nitrate retarder was included. The
significant differences between the tapes was in dimensional stability and
resistance of the adhesive to softening in the presence of moisture. These
characteristics are of importance to the shelf life of the tape laminaté

system, and are summarized in Table 2.

b. Barrier layer. A vapor impermeable barrier layer of plastic

film between the adhesive layer and the indicator was required to prevent N
reduction of the indicator by the adhesive or softening of the adhesive by

moisture in the indicator layer. Heat sealing polyethylene film to glass

filter paper was unsatisfactory, as shrinkage of the polyethylene film tore

the paper. A commercially available polyethylene faced Mylar tape (widely

16



Table 2

PRESSURE SENSITIVE TAPES

DIMENSTONAL MOISTURE

TAPE STABILITY RESISTANCE
Scotch Tape No. 810(1) Poor Poor
Scotch Tape No. 600(1) Poor Poor
Polyken Tape No. 6270(2) Good Good
Polyken Tape No. 830(2) Good Good
Devoseal No. 1981M(3) Excellent Good
Mactac Permanent Adhesive(4) Excellent Good
Mystik Tape No. 6400(5) Excellent Good

Minnesota Mining and Manufacturing Company, St. Paul, Minnesota
The Kendall Company, Chicago, Illinois

Devon Tape Corporation, Carlstadt, New Jersey

Mactac Permanent Adhesive, Stowe, Ohio

Borden Chemical, Borden Incorporated, Northfield, Illinois

Ve wWwN e

used for sealing polyethylene bags) was readily heat sealed to glass filter
paper without distortion; however, it was necessary to apply the barrier film
to the glass paper support before impregnation and drying, as the heat
spoiled both molybdenum blue and palladium chloride indicator formulations.

c. Vapor permeable layer. Contact with some metals caused darkening

of the sensitized elements, rendering them useless as indicators. Aluminum,
stainless steel, and titanium produced this effect in 24 hours; copper in less
“than™ IS minutes. -~A-barrier-layer -permeable to-gas;--but not-liquid, was-required .
t o prevent chemical reaction between the moist indicator strip and the metal
structure to be tested.

(1) Filter paper. Ordinary filter paper was unsatisfactory

because of its hygroscopic character and its reaction with the sensitive layer.

17



(2) Glass filter paper. Glass fiber paper failed to prevent

liquid migration from the tape to the metal substrate,

(3) Silicone treated glass paper. Glass fiber paper, moistened

with one percent '"Siliclad" in water, then air dried_fof twenty-four hours or
oven dried at 100°C for ten minutes effectively prevented chemical reaction
between the indicator tape and the metal substrate. Screening tests showed
no measurable decrease in sensitivity.

(4) Polypropvlene monofilament screen cloth. An alternative

vapor permeable barrier material, polypropylene monofilament screen cloth in
several mesh opening sizes from 105 to 149 microns, was effective in flask
testing experiments with palladium chloride on silica gel but permitted too
much gas diffusion for pinpoint detection of slow leaks from a small orifice.

(5) Hardened filter paper. A thin filter paper (Whatman No. 541)

proved satisfactory when used with palladium chloride supported on silica gel.
In testing for leaks from fine orifices the thin paper minimized the lateral
gas diffusion inherent in the thicker glass paper or polypropylene screen.
Nitric acid washing during the hardening process had apparently eliminated the
reducing agents present in ordinary filter paper, and the silica gel support
removed the problem of liquid migration.

d. Release laver. After examining several commercially available

release papers, a strip of "Mylar" film thinly coated on one side with finely
divided polyethylene (a tape used commercially for heat sealing the seams of
polyethylene bags) was selected. This materlal has excellenﬁ_&lééﬁgiaﬁéi—4~- T

stability in the presence of moisture, is impermeable to gases, and can easily

be stripped from the face of the laminated test strip.

18



2. Laminate assemblies

a. Two layer systems. The simplest of the laminate assemblies

consisted of amn impregnated indicator strip or a band of granular indicator
material pressed into the adhesive face of a wider strip'of pressure sensitive
tape. The indicator layer was degraded by reaction with both the adhesive

and the test substrate.

b. Four laver éystems. Addition of barrier layers (to prevent

unwanted reactions with the indicatér layer) and a release layer (to preserve
the system during storage) produced a thicker, less flexible laminated tape.
The construction of this tracer sensitive tape was as follows: |

1. A layer of pressure sensitive tape,

2. A palladium chloride treated, glass fiber paper indicator
layer, heat sealed to a vapor impermeable Mylar film backing,

3. A perforated layer of "Mylar" bag sealing film, heat sealed
to a silicone treated glass paper barrier layer,

4., A release layer of Mylar bag sealing f£ilm.

- The widths of the respective layers were so adjusted that the adhesive
layer contacted only the release layer, the silicone treated barrier layer,
and the vapor impermeable backing of the sensitive layer. An "exploded"
schematic diagram of this system is shown in Figure 2.

Experiments with molybdenum blue type indicators in the four layer
system failed to produce a tape respondiné to 1000 ppm carbon monoxide in

—- - - . _less than thirty minutes and having a shelf life of more than eight hours;

consequently, the experimental program was concentrated on palladium chloride
impregnated tapes.
. The principal obstacle to the use of moist palladium chloride on glass

filter paper was migration of water vapor, which attacked and softened the

19



Figure 2. Four Layer Laminate Lesk Detection Tape

a. Transparent pressure sensitive adhesive tape. b - Sensitized element.

c. Vapor permeable layer. d - Release layer
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adhesive on all of the tapes tested. Distortion of the backing was observed
with "Scotch" brand tapes, but not with the other tapes. Failure with all
the pressure sensitive tapes occurred as channeling, i.e., a narrow strip
opened between the adhesive and the release layer. As moisture escaped
through this opening, the indicator became brown and insensitive. This type
of failure occurred with all of the four layer tapes in less than 48 hours
at room temperature or less than 30 days' storage in a refrigerator at
approximately five degrees C.

Although flask tests of this system within four hours after preparation
were satisfactory (visible response to 1000 ppm CO in less than two minutes),
no response was observed on the leak test device with tﬁe high concentration
(1000 ppm CO) test gas. Substitution of polypropylene monofilament mesh for
the two barrier layers and perfofating the pressure sensitive tape backing
reduced the flask response time (1000 ppm CO) to approximately one minute,
but still no response was observed on the leak test assembly. Applying only a
narrow band of pressure sensitive tape to each edge of the assembly to permit
free passage of test gas through the indicator layer resulted in rapid drying
and loss of sensitivity in the glass paper indicator layer. Substitution
of silica gel, impregnated with palladium chloride and carefully dried, for
the glass paper indicator gave flask response times of less than one minute
but no color change on the leak test assembly.

c. Separate component system. Satisfactory leak test results have

been obtained with a system prepared immediately before use. The system
consists of 100-200 mesh gas chromatography grade silica gel (Fisher Scientific
Company No. S$-662) impregnated with palladium chloride solution, cautiously
dried under an infra-red lamp, and pressed into the adhesive layer of any of

the transparent pressure sensitive tapes listed in Table 2. A layer of hardened

filter paper (Whatman No. 541) was used to prevent contact between the indicator
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gel and the metal substrate and to provide a contrasting background for the
color change. Perforations are needed in the pressure sensitive tape to permit
passage of test gas through the tape; these were made manually, as no commercial
supplier of transparent, perforated pressure sensitive tape has been found.
Screening (flask) tests were conducted with two separately prepared lots of
palladium chloride impregnated gel.

Lots A and B were both wetted with palladium chloride solution, and the
excess liquid was drained away.

Both samples were dried under a standard 250 watt infra-red lamp (General
Electric R-40) at a distance of eight inches. Lot A was dried until the
granules just became free flowing and the color was very light tan. The
faster Lot B was dried for an additional minute after the powder became free-
flowing; its color was slightly darker than that of Lot A. Lots A and B,
exposed to 1000 ppm carbon monoxide in air, gave visible response times of 35
and 28 seconds, respectively, Leak test assembly results with tapes prepared

from these formulations are summarized in Table 3.

Table 3

LEAK TESTS WITH SEPARATE COMPONENT SYSTEM

Lot PPM Flow Response Times (minutes)
No N o Rate First Visible Medium Gray Dark
' ml/hr : spot spot spot
Tt T TN T T T T TI000— 10— e - - = 2% - o S5 _______10____  _ ___
) B 1000 10 1-3/4 4 8
A 100 10 ’ 6 10 20
- B ' 100 10 4% 7 12

22



IV. DISCUSSION

An extensive literature survey disclosed only four candidate materials
for trace gases: oxygen, nitrous oxide, alkylenes (e.g., ethylene, 1,3-
butadiene) and carbon monoxide. Experimental work soon eliminated nitrous
oxide and the alkalenes as failing to produce indicator response within the
time and concentration requirements. Oxygen, the ideal gas from all other
considerations, had to be eliminated because of the impracticability of
attempting to eliminate it from the test environment. The developmental
program devolved, then, into one of finding the best sensitized element
for detecting trace quantities of carbon monoxide and making it into a
satisfactory tape for leak detection.

The three reagents most sensitive to carbon monoxide were palladium
sulfate} palladium chloride, and ammonium phosphomolybdate, catalyzed with

- . palladium sulfate. Attempts to incorporate these salts into teét strips

suitable for leak detection on the prescribed scale led to monstrous problems.
All are reactive to metals, to plasticizers incorporated in pressure sensitive
adhesives, to traces of reducing agents in ordinary filter paper, and to
numerous other materials. All require supports, but filter paper, glass
paper, silica gel, alumina, asbestos, etc., used for this purpose introduced
additional individual problems. An especially serious problem was that of

humidity, for it was soon established that each of the sensitized elements

required a specific relative humidity range for effective response. Shelf ———- ——-
- life of the sensitized element could be extended only by enclosure in a
container at constant R.H., but under these circumstances adhesives failed,

tapes delaminated, paper warped, etc.
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Each problem was attacked individually. Various materials were used
to insulate sensitive materials from reducing agents, humectants were intro-
duced into the formulations to maintain proper humidity, precipitations in
situ and other devices were used to mount the sensitive.elements on its
supporting medium, etc., but each such innovation gave rise to new problems.
To review all of the systems put together and the results obtained with
each would require a much more voluminous report than would be justified.
Instead, the preceding section presents a summary of the various types of
sensitive elements, support media, tapes, etc., utilized, with a full
description of the results obtained with each.

The system which was ultimately found to have the sensitivity specified
in the technical requirements, together with the material compatibility,
safety and other requirements, was one which would solve a number of the
problems by eliminating them at their origin. This system utilizes palladium
chloride supported on a special grade of silica gel, the system being pre-

- pared and dried in a special manner such that the silica gel provides the
moisture retention necessary to maintain optimum sensitivity of the palladium
chloride. The element thus prepared appears to have infinite shelf life.

A special grade of filter paper (Whatman No. 541), which is free of reducing
agents that might react with the sensitive eiement, is used to insulate the
sensitive element from the metal surface, while also providing a white back-

_ . .ground for visibility of the reduced palladium salt. A perforated, trans-

parent pressure-sensitive adhesive tape is used to support the sensitive
element over the paper and to attach the system to the surface being tested.
. The entire system is assembled at the time of its application; hence, shelf

life is not a factor.
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The system is sensitive to 100ppm of CO in air or nitrogen; at a leak
rate of 10-20 ml/hr, discoloration of the sensitive element is observed in
1.5 to 3 min, which is equivalent to the sensitivity requirement of the RFP.
Whether the RFP requirement of response in 1 hour to a leak rate of 10"4
standard cubic centimeters per second would be met is open to question, as
we have not as yet succeeded in producing a reliable leak rate of that
magnitude. The limiting factor would be not the sensitivity of the silica
gel-palladium chloride element, for that has been proven, but the extent to
which lateral diffusion through the filter paper would prevent sufficient
benetration of the gas to the element to produce the necessary response,
This effect could be reduced by substituting a much thinner separation
medium for the filter paper; however, we have not as yet found a substitute
which did not introduce additional problems.

It is our judgement, therefore, that the system as herein described
and as demonstrated in NASA laboratories meets the technical requirements
set forth for this project. In accordance with the terms of the contract,

a means for assembling this system is not included in the research, but

would be developed in a subsequent project.
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) V. CONCLUSIONS AND RECOMMENDATIONS

A system hés been developed for the detection of leaks of the order

of magnitude of 10-4 standard cubic centimeters per second of air or nitrogen

over a period of 1 hour. The system has been demonstrated for leaks of

the order of 10-20 ml/hr, giving positive response in 1.5 to 3.0 minutes.

The quantity of gas producing this response is equivalent to that in 10-4
cc/sec for 1 hr; however, lateral diffusion in the latter case might reduce
the intensity of the response. )

The materials required for this detection system are available as items
of commerce. The production of the sensitive element from its components
is a standard procedure that any properly equipped chemical manufacturer
should be able to follow. The system, consisting of sensitive element,
perforated pressure sensitive‘tape and paper backing, is assembled at the

. ' time of application.

The gas in the pressure vessel under test will be contaminated with
100 to 1000ppm of carbon monoxide (the upper limit is still well below
flammable limits or toxic hazard limits for CO). The carbon monoxide produces
the response on the sensitive element of the tape, indicating the presence
of a leak.

What the éystem requires now is a suitable device for the quick assembly
of the system and its immediate application to a suspected leak area. The

7 7777 device would contzin d hopper for the-palladium -chloride-silica -gel- -sensitive-- - -- —

element, a roll of pressure-sensitive ("Scotch' brand, or equivalent)

transparent cellophane tape and a roll of slightly narrower Whatman No. 541

hardened filter paper or its equivalent. The assembler-applicator would
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apply a thin coating of the treated silica gel to a strip of the adhesive
siﬁe of the tape, cover it with the filter paper strip, then apply the
assembled system to the leak site.

Accordingly, we recommend that this concept for leak detection be
advanced to the state of useful technology through a further project for
the design and construction of a suitable assembler-applicator, as

described in the foregoing.
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