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DETECTION TECHNIQUES FOR TENUQUS PLANETARY ATMOSPHERES

I. INTRODUCTION, ABSTRACT AND SUMMARY.

This report will cover the work performed from 1 January 1970
through 30 June 1970 on Grant NGL-03-002-019 between the University of
Arizona and the National Aeronautics and Space Administration.

This contract was set up to support the development of new types of
detectors for analysis of planetary atmospheres. Initially, the interest
was in detectors for use under partial vacuum conditions; recently, the
program has been extended to include detectors for use at one atmosphere
and adsorption systems for control and separation of gases.

Results to date have included detectors for 02 and H2 under partial
vacuum conditions (Publications 1, 3, 4). Experiments on detectors for
use at higher pressures began in 1966, and systems for CO, HZ’ and 02,
were reported in 1967 and 1968 (Publications 8, 12). In 1968 studies
began on an electrically controlled adsorbent, It was demonstrated that
under proper conditions a thin film of semiconductor material could be
electrically cycled to adsorb and desorb a specific gas. This work was
extended to obtain quantitative data on the use of semiconductors as
controllable adsorbents (Publication 12).

In 1968 a new technique for dry replication and measurement of the

thickness of thin films was developed. A commercial material, Press-O-

Film was shown to be satisfactory when properly used. This technique is
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most useful for studies of semiconductor thin films where normal inter-
ference techniques are not practical because of the nonreflective nature
of the film (Publication 13).

In 1969 studies began on a corona discharge detector for water
vapor., This system was shown to be rapid in response, suitable for con-
tinuous low power operation and reasonably linear in output (on a
logarithmic plot) from 10% R.H. to 75% R.H.

The electroadsorption phenomena reported in 1968 (Publication 12)
was extended to bulk ZnO samples by using a gas chromatograph. The
objective of developing a controllable electroadsorbent is slowly being
realized,

Studies of the reaction between carbon monoxide and palladium
have been under way since 1966. Efforts are directed towards gaining an
understanding of the physics involved and developing a practical CO

detector for The United States Public Health Service.
II. SUMMARY OF WORK IN THE PAST SIX MONTHS

A. COor "2 Reactions with Hot Palladium -

Studies of the reaction of CO or H, with hot palladium indicate
that the change in positive ion emission, that occurs when these gases
contact the metal, seems to be dependent on a number of reactions. There
is evidence that the gas enters the lattice and speeds diffusion of so-
dium and potassium impurities to the surface. At the same time sulfur
and carbon impurities, on the surface, react with the CO and are removed

as gases.
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When positive ion emission occurs there is also a release of non-
thermal exo-electrons. In view of the complexities involved we have
split the effort into two parts. The first is a continuation of the
basic research with hope that certain new instrumentation will allow us
to understand the physics of the process. The second is an effort to
apply what we know about the CO/Pd phenomina to construct a sensitive CO
detector. This latter work is being funded by the Environmental Control
Administration (the old USPHS) under Grant 1RO1EC-00467-01,

The two studies are very different in nature but both will be
discussed in one section of this project report. At this point we shall
only comment that there has been significant progress in understanding
the physics of the CO/Pd reaction. The work on the CO detector indicates

it will be possible to observe CO in air at the 100 PPM level.

B. Corona Discharge Humidity Detector

The current generated in a point-to-plane corona discharge has
been shown to be dependent on the ambient water vapor pressure. The use
of a multipoint brush and an ultravioclet source stabilizes the system
and maintains sensitivity over a wide range of R.H. The system is being
repackaged and tested for use in field studies. The effects of tempera-

‘ture are the major object of our work at this moment.

C. Electroadsorption of 0,_on Zno
A new system has been designed and built to make use of the gas
chromatograph. We have finally (after 12 months) found a satisfactory

way to hold the Zn0, pass gas mixture through it, and apply ultraviolet
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light while changing the ambient electric field. We are studying the

adsorption--desorption reactions of ZnO with oxygen and carbon monoxide.

D. Electron Emission from Thoriated Tungsten as a Detector
for Trace Quantities of Water vapor

This investigation of a possible water detector system, for use in
Mars Lander vehicle, has been abandoned. The interference of COZ’ at 5

torr partial pressure, was too great.

E. Surface Catalysis and Exo-Electron Emission

This is a very new program that is an outgrowth of our earlier
studies of gas-surface interactions with the mass spectrometer. There
are definite indications that when catalysis of the H; + %-02 + Hy0
reaction begins (on 700°C platinum) there is emission of nonthermal exo-
electrons. We are just starting this investigation, so oniy limited

data is available, but the phenomena exists and is repeatable. The

‘possible implications, in terms of an understanding of catalysis, are

great.

F. OQOther Activities in the Laboratory

The ARPA-sonsored studies on the relationships between fatigue
and subsequent exo-electron emission are contimuing. We havevshown that
if a metal is fatigued to some fraction of its total life and then
heated gently, it will emit exo-electrons., This electron current can
then be related to the fatigue history of the specimen. A talk on this
new technique for non-destructive testing will be given at UCLA on
September 2, 1970. A copy of the manuscript is attached as Appendix A,

the work was done by Mr. Ott as part of his studies for the MSEE degree.



The program has been extended to 1971 and we have expanded the
effort to include a study of exo-electron emission from thin films in
which current induced mass migration is occurring.

Mr. Michael Pomeroy is working on a wireless device to encourage
student response in class. This work is supported by University of
Arizona funds and will be used by Mr. Pomeroy as an undergraduate thesis
project. The mode of operation and objectives are described in Appendix
B of this report.

Mr. Leland Payne is using the laboratory for developing the various
components of a State-wide Medical Telemetry System that will connect the
various outlying community hospitals to the University of Arizona Medical
School. This project will be used by Mr, Payne for His Ph.D. (EE)
dissertation.

Another use of laboratory facilities occurs in connection with
two courses taught by Professor Hoenig in Electronics and Instrumentation
for graduate students in the Zoological, Geological and Medical Sciences.
These students use the laboratory and its apparatus for demonstration and
simple projects. The University of Ari;ona Medical School feels that
future physicians must see and learn about modern scientific apparatus
from mass spectrometers to gas chromatographs. This would be impossible
without the long term support that we have received from NASA.

In commection with these courses a textbook entitled Eleectronics
Without Pain is being prepared by Hoenig and Payne. It is our hope that
one or more sequences of this type will be a definite part of the Medical

School curriculum,
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The laboratory is still used regularly by members of the University

of Arizona Lunar and Planetary Laboratory. We feel that this use of NASA

supported facilities by another NASA funded project is an important

example of how research funds can be conserved by joint use of facilities.
III. INDIVIDUAL PROJECT REPORTS

A. COor H2 Reactions wi th Palladium

Robart Geetz and Freedoon Tamjidi
Mr. Richard Pope has finished his MSEE work on the interactions of
CO, H

Nz, and O, with hot palladium. The phenomena involved are

2’ 2
complex; we have observed changes in positive ion current when any of
the above gases contact hot palladium. At the same time there is evi-
dence that surface impurities are reacting with ambient CO or Hz and
releasing the products of reaction into the gas phase. This is further
complicated by an apparent release of exo-electrons, from Pd during the
reaction.

The change in positive ion emission is thought to depend upon the
gas entering the metal lattice and increasing the rate or diffusion of
sodium or potassium along grain boundaries. A recent report from the
USSR gives convincing evidence that this is in fact the case, Reference
1. The USSR data was obtained with 02 on Pt but the similarities to our
own results are so great that one simple experiment with a Pd will settle
the question.

In essence Reference 1 showed that plastic deformation of a Pt

foil stops all effect of 0, on positive ion emission--until the dis-

locations due to the deformation are annealed out. This then ascribes



the effect of stress on positive ion emission to dislocations moving
through grain boundaries and interferring with diffusion of sodium and
potassium. A test of this mechanism will be run in the next six-month
period.

With respect to the exo-electron emission, observed when CO or H2
contacts Pd, we have no suggestions as to the mechanism. The problenm
seems quite complex and because of this we have chosen to take two
seperate courses; Mr. Robert Goetz is working on our PHS contract to
develop a detector for CO at the 30 PPM level. Here we are looking at
the reaction from a pure engineering point of view to build a CO detector
that works without worrying about how it works. To attain this objective
we have looked at the ion and electron emission to determine which type
of emission would yield the highest signal to noise ratio with dilute
CO/air or CO/N2 mixtures. A typical result is shown in Figure 1, by using
two collecting and recording systems the electron and ion currents at the
same time.

Mr. Goetz has decided to use the positive ion current as a measure
of the C0/air ratio. To improve the sensitivity and signal to noise
ratio he has investigated various '"treatments' of the palladium filament.
This idea of "treating" or '"promoting" the filament is a purely empirical
technique based on the fact that Pd is improved as a catalyst by certain
“treatments''. (We believe that a connection must exist between the
response of Pd to H2 or CO and its effectiveness as a catalyst for the
oxidation of these gases.)

The promotion techniques have involved the use of palladium black,
NaOH deposited from a water solution and the natural oxide that develops



vhen Pd is heated in oxygen. The results are shown in Figure 2. The
Pd/Pd black filament gave no exo-electron emission and an erratic
positive ion emission. The Pd/NaOH filament yielded an intense exo-
electron emission and no ion emission. The Pd/oxidised in 02 filament
produced an intense and stable ion emission but no exo-electron current.
The data was quite repeatable but for obvious reasons we will not try to
discuss the physics of the various phenomena. Mr. Goetz has looked at
the signal to noise ratio, for detection of CO, of these treated fila-
ments and he has chosen the Pd heated in oxygen for further study. This
filament treatment can be expected to remain unchanged by continued
operation in air,

The work to date has involved development of an accurate filament
temperature control system. Precision flowmeters have been installed
and calibrated to provide controlled CO/air ratios down to 30 PPM
(0.003%). At the moment CO/air ratios of 400 PPM can be easily observed,
extension to 100 PPM will be éccomplished in the next six months.

Another part of the PHS program involves a survey of the existing
conmercial detectors for CO. This work is being done by Miss Beverly
Martin, she will compile this data into a bibliography that covers every
€0 detector that has been reported in open literature.

The first basic research work in this area will be the 0,, CO, Pd

27
dislocation study discussed above. We are considering the construction
of a soft X-ray spectrometer for analysis of surface impurities. This
instrument is quite sensitive to the carbon and sulfur impuritiés that
have plagued researchers working with palladium. It is also much simpler

to build than the conventional Auger or LEED systems.
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This technique was developed by Park and Houston at Sandia Base in
Albuquerque, New Mexico. We are trying to set up a two week visit for
Professor Hoenig at Sandia in August. This would facilitate seeing the
device in action and permit us to make a decision about building one for

the laboratory.

B. Corona Discharge Humidity Detector

Mark Carmes and Steven Bird

In our last report we discussed the repackaging of thi§<det¢ctor
in a sturdy metal container and presented a typical calibration curve
for the 10% ~ 70% R.H, range. In the last six months we have built a
heater system so that we could investigate the effects, if any, of high
ambient temperatures. Summer temperatures over.115°F are not uncommon
in Arizona deserts.

We have also obtained an Alnor Dew Pointer* to calibrate the
system. There has been a long standing problem with the wet and dry
bulb hygromeier in that its accuracy diminishes at high R.H. where the
vet and dry bulb temperatures differ by only a few degrees.

Preliminary results with the air heater indicate that the Corona
Discharge is not seriously affected by high temperature ambients., The
Alnor Dew Pointer may have solved the somewhat puzzling change in slope
that we have observed above 70% R.H. This change in slope was the

reason that we had limited the proposed applications of the detector to

*The assistance of Mr. Christian Savitz and his former associates
at North American Rockwell Corporation (Air Maze Division), Cleveland,
Chio is gratefully acknowledged.
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70% R.H. or less. Apparently the problem was more in the wet-and-dry
bulb than in the corona device itself. This is gncouraging and we are
proceeding with calibration up to 90% R.H. ..
We are hoping to design apparatus for calibration below 10% k.ﬂ.
but this will require at least another six months. This is an under-
graduate project and the pace is somewhat slower than a typical graduate
research program. Mark Carnes is no longer working on the program,

Mr. Bird will continue the studies as part of his EE undergraduate

program.

C. Elecroadsorption of 02 on Zn0

Brad Fraszier
In our earlier reports we discussed the electroadsorption of oxygen

tyﬁe gases on Zn0., It was demonstrated that Zn0O could serve as a con-
trolled and specific adsorbent but the application of this effect required
more study and development. To further this work, we purchaséd a Hewlett-
Packard Model 700 gas chromatograph. This instrument and the ancillary
gas handling apparatus was described in our last report.

| During this period we have built a ZIn0 experimental column which
appears to satisfy the complex requirements of this experiment. The
column is shown schematically in Figure 3. The inner tube is a G. E,.
qpartz tube mercury lamp. This is wrapped with fine brass screen which
serves as the immer electrode. There is a space of some 5 mm to the
counterelectrode (a film of stannous oxide on the inside of the outer
.pyrex tube. The In0O is in the § mn space between the electrodes. We

have found that it is necessary to mix a separation material with the
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Zn0 to prevent excessive pressure drop in the gas flow system. The
present experiment makes use of 0.5 mm quartz sand material. The sand
and Zn0 (N. J. Zinc Company, USP-12) are mixed in the ratio of 3 sand
to 1 Zn0 by volume and packed into the column with a vibratory feeder.

The experiments to date have been devoted to studying the adsorp-
tion of oxygen and carbon monoxide on the ZnO in the presence of UV
light. Typically the 0, or CO is pushed through the system by a carrier
gas (He or Nz), and the column inlet and outlet are monitored by the gas
chromatograph. Typical results of this experiment are shown in Figure 4.
With the ultraviolet light off the oxygen passes through the ZnO column
without noticeable adsorption. With the UV light on the oxygen is
strongly adsorbed for several minutes until the ZnO is saturated with
oXygen. At the same time a release of Cbz is observed which we suggest
is partially due to a reaction between residual carbon in the Zn0 and
the 02 passing through the system. The remainder of the CO2 is thought
to be due to displacement of CO2 by oxygen on ZInO.

These replacement reactions have been observed by Saltsburg [2].
It is most interesting to observe that in this case the presence of UV
induces 0, adsorption. Exactly the opposite effect was observed with
the Zn0 thin films used for our earlier experiments. At the moment we
have no explanation for this phenomena but we suspect that it is due to
impurities in the ZnO., Bulk ZnO is difficult to mamufacture at high
purity levels (the A. R. grade is only 99.0%)

We have not run electric field experiments on this material

because the strange 02 adsorption reaction makes it very difficult to
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know what to expect. There is also a question about the heating-effect
of the quartz UV source. At present the Zn0O is in direct contact with
the quartz tube and the tube does get hot from the discharge. However
we do not feel that effects reported above are due to thermal heating,
because of the similarity to the work of Reference 2 where thermal ef-
fects were excluded. To remove any thermal heating effects except those
due to the UV light itself, we are designing a reaction system which
allows for a flow of cooling air over the quartz tube UV source.

With respect to the CO2 desorption we have suggested that a

reaction of the form C + O, + COZ-is responsible. This seems reasonable

2
in view of the well known activity of Zn0 as a catalyst for the CO + %

+ (0, reaction. We have studied the response of the Zn0 system to CO
2

but the data is not yet complete because of leak problems in the CO

handling apparatus,

D. Surface Catalysis and Exo-Electron Emission

FPreedoon Tamjidi

In our earlier reports we discussed certain experiments that
indicated a connection existed between chemisorption and exo-electron
emission. Purther evidence of this effect is given in Section III-A of
this report.

Surface-;atalytic phenomena is known to depend upon chemisorption
and for this reason we decided to see if a correlation existed between
catalysis and exo-electron emission. If such a correlation did exist
it might Se an opening to understanding the phenomena we call catalysis.

There is some evidence for the above ideas from the work of Lee [3] who
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showed that electrostatic fields did have an effect on the catalysis of
oxidation of CO over Ni. We chose to look at a simple reaction first
studied by Faraday and then by Langmuir [4]. It is interesting to note
that this Hz + %~02 * H,0 reaction on hot platinum was studied by
Langmuir in 1922. He commented that very little progress had been made
in this area since Faraday's work in the era about 1850. This comment
might well be repeated to describe the situation in 1970.

The University of Arizona's experiments have made use of the EAI
Quad 250 mass spggtrometer and associated apparatus used by Mr. Richard
Pope for his MSEE thesis. The catalyst is a platinum wire, the reaction

is Hz + %-02 -»> Hzo with an excess of 0,. We follow the rate of reaction,

2
at a total pressure of 10”5 torr, by monitoring the‘Hzo (MN - 18) peak.
The exo-electron emission is observed with a + 10 volt collector and a
Keithley picoammeter. The Pt filament is operated at about 700°C to
induce the catalytic reaction. At this temperature there is no thermal
electron emission.

We have observed emission of electrons from the Pt during the
catalytic proceks and a plot of emission current and catalytic rate
versus time is shown in Figure 5. There is a direct correlation between
the gross exo-electron current level and the rate of catalysis. It is
important to note the drop in electron current that occurs after 480
seconds of operation. This drop always occurs if operation continues

- long enough and may be due to the conclusion of some surface distortion

or diffusion phenomena. The time from the start of catalysis until-the

current drop:occurs is dependent upon the filament temperature. At



-14-
800°C the time involved is in the order of minutes, at 600°C, hours are
required. This suggests that during the start-up phase some surface re-
arrangement is occurring (catalysts are known to become ''grooved" and
distorted in service). A most puzzling fact is the speed with which the
current drops, this seems very strange and inexplicable at the moment.

A few preliminary experiments with the CO + %-02 =+ o, reaction
indicate that the same sort of exo-electron phenomena exists but the
time scale is entirely different.

We have suggested that this exo-electron emission is due to surface
rearrangement that occurs when the filament is heated. This modified
surface is somehow more suitable for catalysis of the reaction than the
surface state which exists at rooﬁ temperature. Interestingly enough
another very short burst of exo-electrons is observed when the filament
heating current is turned off. This may represent the relaxation.of the
surface structure to its equilibrium configuration. The rate of catalysis
does begin to decrease as the wire cools indicating that a less favorable
catalytic situation is developing.

It is most interesting to speculate on the questions:

1. What is the significance of the fine structure in the
exo-electron current shown in Figure 5?7

2. Can we use exo-electron emission to inveétigate the
induction period when a catalyst first begins to act?
(Many catalysts are inefficient until they have been
in use for some time--this is called the "induction"

phase.)



These topics will be investigated by Mr. Tamjidi for his MSEE thesis.

Iv.

3. If the exo-electron emission is retarded or enhanced

by applying electric fields, will this affect the rate

of catalysis?
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. 7.0 7 7. 70 NON DESTRUCTIVE TESTING

© TUMPPENDIXA T o

APPLICATIONS OF EXO-ELECTRON EMISSION

[ — —

o ByiStuart‘A. Hoenig -  _;1{;j‘;l
Professor of Electrical Engingering

* Department of Electrical Enginsering

-

'1f,,'_0ﬁiversity of Arizona
 "fucson,vArizona - .

. The phencmenz we call exo-electron emission (EEE) was first

reported over 130 years a2g0 by Moser, Reference 1. Unfortunate-

1y there is still a general lack of understanding of the physical

czuses of EEE., However, we do have enough knowledge of cause and

‘effect relstionships to consider applying EEE to specific types

of NDT.

We suggest that wheneve¥~tﬁe.sdrface of a liquid Qr z s&lid is
disturbed, there is a tendency for electrons to escape into the
§acuum.phase. In the case of insulators or semiconductors, these
éleétfoq; ﬁéy comz from F centers near the surface. 1In metals
one might invoke the presence of F centers in shrf?ce 6xidas,

but 2 vaéancy mechznism is a more reasonéble expianation of the

existing experiments, It {i{s this proposed connection between

(a4

vacancies and EEE that parmits application of EEE to NDT.
A 3

[}

& number of reviews of EEE have bzen given recently, Refer-

ences 2, 3 2nd 4. At this point ve need only mention that any

process which disturbs 2 solid surface results {in EEZR. Exper-

- ~24-
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-‘ iments discﬁssed in References 2, 3 and 4 include wire brushing,

‘phase changes, tensile stress, annealing ; sintering, alloying,
_X-Ray excitation, ball milling and grinding. The major problem

" . in ‘studying EEE has been the fact that the currents.involved

1

sre smalll(t\q 10-.9A) and the electrons have‘a réléti§e1y low
energy (~ 1 ev). This forced investigators to use Gieger tubés
with all the attendant problémé of gas suffa;e interacéions and

ponrﬁniforhufield distributions. More recehtlj investigators

- have tried to use electron multipliers for detecting exo-elec€

trons; but low energy electrons are not efficient in inducing
gecondary emission.
The advemt of the field effect transistor and the operational

0~15,

amplifier has madé it possible to measyre currents of 1
ﬁifhout diffic&lty. This capability is a major factor.in the
application of EEE to §factical NDT.

Turning mow to actual EEE experiments, it is convenient to

mention the use of EEE to detect alloying reactions. This work

- was done under our NASA grant and concerned the emission of

electrons and ions, from‘hot tungsten, during evaporation pro-
cesses for deposition of Au, Ag, Al etc. The details were_re-
ported in Reference 5. Effectively we observed that when an al-
loying reaction occured between the tungsten or molybdenum sub-
strate and the metal being evaporated, a substantial current of
exo-electrons was observed. In the case of an exo-thermic reac-

tion (Al/W) the electron energy was as high as 5 ev. The number

of electrons emitted during evaporation was a sensitive measure

-



*  fgace as in optical microscopy. Only cracks and other sharp edge

of'the alloyina reaction. Even weak alloys such as Cu/W could

" Be distinguished from a no-alloy case like Ag/W.

-

‘This phenomena can be understood in terms cf the disturbance

of the surface that occurs during the alloying process. It would

'_~he'most:intérestipg to investigdte the ré}ations‘betﬁeén exo-elec~

tron emission ahd'certain possible alloys predicted by the Engel

Iheory, Reference 6.

The appli»ation of exo- electron emission to NDT really be-

~gén fn 1963 before we knew that exo-electrons existed. In 1963

we began looking at the appllcatlon of field eni sion teCnniqu=s

" to observation of surface microcracks. Using 0.020" diameter wires

and 2 cylindrical field emission microscope (FEM) it was possible
to detect microcracks as small as 4 microns (‘0 -4 inches). The
field emission microscope is partlcularly suited for finding

microcracks because there is no need to scan the entire sur-

-

defects emit electrons and are imaged, Reference 7. The FEM

is sho&n'in'§1ide 1.

In 1967 :nb‘ M was usad to study stress corrosion cracking
of nranidm-molybdenum alloys. With the fEM it was §ossib1e to
follow the various steps in the SCC procesé, Seference 8.

- During thase studigs ve often pglled séeciman wires to
failure at higﬁ (60090)—températures and low electric fields

sa that the electrons were gmitted by a2 combined field-thermal

process, The electron imzges wore observed with a Bolex camera

a2t 64 fps and we noticed that emission did not cease irmediately

o L - R : B '_-ﬁ - —26—_
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‘"'ihen‘the w;re broke. The post-fracture emission cane primarily

- from the broken ends of the wire with intense emis310n from the

ke

cup and cone areas. Typical single frames are shown in the next

two slides, the material was titanium at an initial temperature

-of 660°¢. One of the frames shows what might be exo-electron
emission from a Iuders band structure on the cone. We felt that
this emission.was due to exo-electrons escaping from the metal

as the disturhed fracture area relaxed to its equilibrium shape.

In 1969‘we began studies of the appl fcation of exo-electron

enission to NDT of metal fatigue. Our program hsd two objectives:

1) @Gain an understanding of the exo-electron phenomena
éarticularly the driving‘potential for emission;

2) Develop a teohnique for application of exo-electron
emission to NDT. .

- We will discuss the results of objective 2) first. In this

case ye felt sure that exo-electron enission orcured during the
fatigue process, but'it seemed more important to developra system
for measuring the fatigue damage‘égser rather than during the
fatigue cycle. In aircraft applications it is difficult to ob-
serve and record events during flight. In_any case it is most

important to be able to fatigue test a critical structure before

‘the next flight to be sure that catéstroPhic failure will not

occur after takeoff.

We proposed that during fatigue a complex structure of va-

cancies and dislocations developed near . the specimen surface.

Most of these "defects" would be sessile at room temperature

-27-
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_but upoh hezting a>significant fraction of these defects might

" be expected to diffuseAto the surface.,’ This'vacancy'diffusion

-

would in turn induce EEE, which would then be used 'as 2 measure

. ef the fatigne level of the specimen. This application is con-

' ftinggnt upoh; first, having a iarge'enough current to measure

~ and second, mot heating the structure to the point where funda-

a

mental metaXlurgical changes occur,
;he specimens for this study were aluminum (1100 -0 and 7075-
“T6}, steel (BéAC) and titanzum (T1 - 6Al - 4V) The specimen
—~~shape is showa in the next slide, Specimens were b.QSO" tgick,
-end were chemdcally polished to a 40 microinch finish. The spec-
imens were fully annealed to remove fgbrication stresses and
then heat treated to the proper témper.
Fatiguing ;f the aluminum specimens was done in a vibraiory
machine desfgned and built by Mr. Christien Savitz. The machine
 'is sﬁown in Slide 5. The steel and titanium specimens were senﬁ
-out for fatiguing and our data on those materials is incomplete.
The discussfon will be limited to our work with aluminum. To
test the aIzmiﬁQn a group of 10 specimens was run at 3450 cpa
to £a§1ure_tc establish a mean lifetime., The scagter in this
life tést s about z (5 = 10%). 7Ti= next set of specimens were
Tun %o soms Eractien, 0%, 204, 40%, 66%, 80% of their expected
— —t1ife andVEested«for exo-elece%on emission.

The test apparatus is shown in the next slide (6) and a

cireuit diag Tam is shown in Slide 7. The specimens were heated

Slide

S$lida

S1ic.



'elecf}ically.by passing some 280A of current for 8 minutes. The
Jytemperaturé after 8 minutes was 909C, far below the temperatﬁre

' where metallurgical changes would occur. The ultraviolet source

;'was 2dded 20 the apparatus to increasé the exo~electron signal
tornoise ratio. A numhg;_gf_ipYestigatérs have repérted that
k light incrgaseé'the oﬁéerveébEEE. We hav; no theory for‘thisj
*3a£ the woment, there may be some éomblex phéton-v;qancy inter-
'..action; . |
Thé data obtained vitﬁ this sy;tem‘are shown ig'ihe next
vfhree slides. Ve wish to émghasize that’these fatiguing and~
exo-electron émissipn.studies were dopéiig ambient air. Slides
° A
8 and 9 show exozefzctron currént as a function of time for
liOQ—O‘specimens at various fatigue levels. There is a clear,
distinct relation between fatigue and exo-electron emission
(at least in 1100-0 aluminum).
—The experimentsfwi;h,7ﬂlSsT6 have been delayed by'heat
treatment problemst ﬁe did get some data that indic§tes EEE

may be used to measure the manufacturing stresses in a fabrica-

ted part. In Slide 10 we show the exo-electron current versus

time for four 7075-T6 specimens fhat had no fatigue or heat
treatment after fabrication. The specimens were run to failure
after the exo-electron test., Except in one case, No. 49, there

-was 2 direct relation between EEE and time to failure. This

suggests that éXo-electrod énifssion can be used for evaluating
the fatigue or cold work that a specimen has been exposad to

before it is put into service.

:;;>;29;>V. -
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QOur other area of investigation has been directed toward

 gaining an understanding of the exo-electron phenomena. Here

e

" we have folloyed the work of Referenée 9 where aluminum was
>8£réinéd i; tension.and the EEE/was followe& both during and
sfter stréining.A Once again the mechanism invoives the geﬁ-
:eration of vacancies during plastic deformation. -Su§sequent

-

wvacancy diffdsioﬁ releases_exo—eléctrdﬂ#. Exo-electron emission

persists for some time after straining ceases and this is taken..

&s a measure qf the réte at thch mobile vaéanciesﬁére exhausted.
- Vﬁn.Voss,aﬁd Brotzen investigated‘thg effect of ambient

BV light on exo-electron emission. They tenatively adopted an.

- F center model involving a surface oxide as part of the photon-

eleciron iﬁteraction. We suggest that when a vacancy arrives

 at the surface, the normal barrier potential is disturbed -and

high energy electrons can "leak out”", If photons are present

the number of electrons whicﬁ "leak out” is_cbrrespondingly
greater, |
Our first experiments in this area were donz by Mr. ﬁilliam
Ott for his MSEE thesis. The specimens were nickel wires0.,032" in
diameter, necked down to a gauge section in an electropolishing
wachine. The specimens were mounted in the vacuum fatigue ma-
chine shown in the-next slide. This system can provide either
t.a direct tensile or _an_oscillating toréionaltstress vhile nain-
taihing a vacuum of 108 torr.

The-specimens were annealed at 1000°C for 24 hours (in

wacuum) and then either strained or fatigued in vacuum at room

temperature. The experiments included

Slida 1
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1) Exo-electron eﬁissibnrunder tensile stress
25 Exo-electron emission under torsional fatigue fi -

- 3) Exo-electron emission after temsile stress or ~

| ‘fa.tigu‘e - - ' o ‘V - - ,,,-‘,f~.".@' s

rrthe resu}ts for experiment (1)‘above were in aéfeeﬁént withbthgsé:
‘of Refg;éﬁcev9. Exo-electron emission was gbéerved during ten-
:sile testing without any added Uﬁ source. The é&rre;t increased
‘more slowly tﬁaﬁ the tensile stress, Whéﬁ_the load was removed

the current died away over a 30 second interval. When the stress

was reapplied the exo-electron current rose rapidly until frac-

* o

ture then decreased slowly after the wire broke. .
In experiment (2) exo-electron emission on at the 18°13 amp

level was observed. The pressure during fatigue was 10°8 torr.

 Each time the wire was twisted a burst of electrons was recorded.-

The curfentsvwere small and the interference from electrons emit-

—-—— —

ted”by the mechanical gearing made it dif%&cult’to follow chunges
in current level. Other imestigators (Reférence 10) have obser&-
ed exo-électron emission during fatigue. The current fipstiin-
creasegwﬁifﬁréaéh Eycle and then decreases again.__This may be
due to ﬁork hardening making it mﬁre\difficﬁlt for dislocations
to move. Ve do not feel thaé measurements of exo-electron emis-

sion during fatigue are as useful as post-fatigue studies.

_ The studies of EEE after fatigue (3) involved heating the
specimen to some fixed temperature in the vacuum system (at 10-8

torr) and following the EEE. The results of a typical run on
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three specimens fé;igued to various 1e§éls are showp in Slides 12- §Qjég~
>13.. Again there is a clear geiation bétween‘fatigue and post ' §ij§é_
vfetigue EEE. This dafa was obtained without an& UV light aﬁd{ »

the teiéeggEyszhzéggigédmfor sigﬁifican; eﬁo-eiectropremission

zre quite high’ (sco".v-“1oob°c)'. _ R | T
- In view of the piacket'éetecto£ ;hgt'wiil be d;scussed.in

ﬁhe.pext gectioh we began integrating the‘observed exo~-electron | o
current and lookiAg 5£ the graph of‘/{’Idt versus the fatigue

level of the sPeéimEn. Ty#ical results are shown in Slide 14 Slide

for our nickel specimens. The correlation is quite good up to

about the 559 level where the exo-electron current begins to

. decay. We suggest that this represents the level at which the

vacancies znd dislocations begin to pin one another and 4iffg~

sion is impeded. This suggests that further heating, to above

.1000°¢C, would induce exo-clectron emissidn at high fatigue levels,

There is some evidence for this but it is not practical to heat

'nickei zbove about 1000°C with our.present apparatus,

The experimsnts suggest that vacancy motion rather than

oxide vacancies is the parameter that controls EEE. Future -

experiments will make use of U-H-V apparatus and sputtering
equipment to produce reprolucible and completely "clean" sur-

faces. This will permit us to scttle the vacancy versus oxide

“question once and- for ever. - . .

Application of this post-fatigue technique to NDT requires

a system for heating the structure znd collecting the enitted
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electrons. It is impractical to use resistive heatino on somesh
thing as complex as an airplane ‘and optical_aSEEEES are limited
by the‘high reflectivity of aluminum, We have éesxgned a -device

we call a placket detector, consisting of a squib heat scurce,

a Glaebers Salt heat buffer, a battery driveq UV source and a

self deﬁeloping electron sensitive film. The system is shown

in the next slide. The diameter of the placket is about 2%,

to permit its application in restricted areas. The operational -

 sequence would involve:

1) Fastening the placket to a fatigued structure, turn-

ing on.the UV light and hooking up the 45 volt bat-
tery.

25 Firing the squib. This releases a very short but iﬁ—:
tense thermal pulse-which lasts only a few seconaa.

The Glaubers Salt dissociates according to the formula
Na,S0; + 10H,0%3NapS0y; + 10H,0

- . and the resultant steam circulates in the sealee p-a
.et. As the placket cools below 100°¢ the reaction )
goes backwards releasing the heat prevxously adsorbed,
- The effect of this buffer reaction keeps the structure
from being heated above about }OOOC and spreads the
heating cycle over about 8 minutes. 4
3) Exo-electrons are collected on the film,.which is of :

the Polaroid ;elf-developing variety. The blackening

e e i e et 4 e . A

of the film provides a direct read-out of the fatigue

-33-
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e Lo
f 6f the structufé, The structure hasbonly been heated
. to SOﬁe~QQ°C.so no major metallurgical changes have - ] E’

- eceured,

[ . -

-7 The nmext question is, where are we in the development of the

P

- platkeﬁ detector? 7  1f: :ix'-'
N 1) " The squib, OV lighﬁ, Glaube?s'sglt;;ompdneqts are
| off-the-shelf items. The Glaubors Salt heat buffer
-ié;vnder‘test at the momentjin another.organizétiqn.
- ?) >‘The-Kbdak Cé. has.ipdicated-that electroé sensitive
- films for low energy_(io ev) e1ectron§ are prattial, .
ﬁb work has been done to éate on a self developing
filﬁ for 10 ev electrons but self developing films are
well knqwn in nuclear safgty programs; The Kodak Cb.
bgs suggested that a Xerox type system migﬁt be equal-
; ti;p;g;ticgl~§9;_£§§§7aéplication. The exo-electrons
would be collécfeé on an insulating élate and then
"developed" by depositing colored, insulating powder.
The quantity_of powdef deposited would be a measure
- v-ogafh;itoﬁgl ﬂgﬁbé£>of exo-eléctrons.colleqted, The
‘final development of the placket detector will be a
function of the support and sssistance available from
Industry and goverpm;nt_aggncies.
Other NDT work at the University of Arizona has iﬁvolved

the application of EEE to observation of grinding and milliﬁg

processes., This was first suggested by Kramer (Referénce’ll)



-

who used a modified Gieger counter to examine samples of ZnS,

KQSOQ, NaCl or Gypsum.after g;indigg. Exo-electrons were In--

deed observed and there was some evidence that exb~e1eétron emis- *

sion could be correlated with the grindingAprocess. This would

follew from the mechanism proposed earlier where disturbing the

‘surface permits electrons to escape.

It seemed possible that this process might be an explanation

of the fires and explosions that have occured during grinding

~Inflammable materials i.e. flour, paint, magnesium., Ve also

hoped that it would-be pdssible»to follow ore crushing prbceéseé
whi;ﬁ are of interest to Ariz&na's copper industry. —
To ;gstithi; latter suggestion we used a ball'mill borfow;dv
ffo; the Anaéonda-Co. Laboratories ?n Tucson, The ball mill znd
the associzated eléctionics are shown in the-hext slide. The con-

tact to the drum was made with brass scrubbing brushes, the cen-

‘ter electrode wac a stainless stecel rod. Test batches of copper
. 5 . .
ore were run with iron bz2lls and the iron balls were run alone

for a blank experiment. The ore was milled without water, exper-’

irents with wet grinding yielded confusing results because of

-

deposits of mud on the insulators, . - .

Typical data is shown in the next slide, The observed cur-

'A'rentArises and then falls.- We suggest that the tire at which

" the current bégiﬁs to drop is the point where the ore has been

ground 2s finely a&s it can be with the large balls that we used.

Fron that time on we zre only grinding the iron balls, which pro-

-35-
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duces a small but signlflcant residual current.
Ihe grinding experiments at the Universxty of Arizona have
stopped (by general demand of everyone.within‘the sound rangef

of ocur laboratory). The work is cohtinuing at another- labora-

. Ltory under'the-auépices of Battelle Davelopment Corp.

-36-

fThé Iast and latest experiment involving EEE aﬁ the Univef-r

-

sf:y of Arizo;a is a study 6E electron migfation in thin films.
; This is a problem In the electronic industry, when large (10 Al
2) currents go thru thin fllms of Ag or Al the film moves by a
‘wacancy diffusion mechanism and eventually the film becomes an
open Eifc;it. A review of this phenomena has been givén by
Black in Reference 12, We have begﬁn looking for exo-electrons,
from ;hin films of alﬁminuﬁ, under hiéh current conditions. ﬁe

.think that this emission process was that first observed by

Shenstone, Reference 13. To date mo other possible explanation

has been given for the Shenstone Effect. Our ultimate objective

is the'developmenﬁ of a text techpique for use during the~b§rn-
in period when integrated circuits #re under load. A metal film
with an excess number of vacancies would be expected to "stand
out” because of its intense exo-electron emission: This would
permif a manufacturer to discard or rework semiconductor chips
that would otherwise be "early failures".

This work has just been started but the indications are

that the phenomena is indeed as we have suggested,
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APPENDIX B

. A WIRELESS STUDENT RESPONSE SYSTEM

By Stuart A, Hoenig and Michael Pomeroy
‘Pepartment of Electrical Engineering
) University of Arizona

Tucson, Arizona

1. Introduction

A system for mEgSuring studenﬁ response dpriﬁg 1ectures isg
ﬁadly néeded in the universities. This is particularly tfue in
Engineering, where the second paft'of a'course may depend very
strongly on what is taught early in the éemester. ﬁowever, it
is often difficult to get students to ask questions and to in-
_dicate when tﬁey are confused because they doa't want to look
stupid in class. This prqbleﬁ'is intensified by the trend to
large classes whe;e-a close séudent-teacher felatiqnship can-
not exist,

What is needed is a system where the instructor can say
"is that a second order non linear differential equation?"
“"If you think it is;push - your - Sutton." Thevsignals from
the student buttons would be added up on the instructors
receiver and he woﬁld-kuow immediately what fraction of the
class was with him, If over 507 ofxthe class is lost he can

say so, and the questions will come when each student realizes
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that he isn't the only one that is confused! ’

A hard-wire system for this purpose was developed by the
author in 1967 (1) and proved practical andreasy to use, How-
ever the installation costs were too high for geﬁeral applica-

~tion.

iI.r .The Wireless System ‘V . _Eﬁjf
The functional diagram is shown in thé attaéhed figure 1.
In practice the instructor asks a question, then éach studént
7an§wers "yes" or "no" by Eusﬂing or not pushing his bqtton._
Each button generates a single microsecond pulse, the'receiVer
totals the pulses fo; say 10 seconds and then presents the to-
tal as a fraction (0 - 100%) of thg totalrnumber of students in
class, No student can vote more than once because of a transmit-
ter lock-out sysfem. The receiver can be re#et automatically
by a timer or held until the instructor clears it manﬁally.
When the receiver clears-the ;tudent fransmitters are ready to
go again. .
The reéeiver can be sdjusted by the instructor to reéd‘100$
for claszes from 5 to 200 students, Since about 5 seconds are

required.for the entire class to respond the probability of an

overlap, with 1 microsecond pulses is negligible for 200 students.

-6
2.00 < |0 -5
. = .0 1O .
P = “

The transmitters will be the size of a ball point pen, transmit-

ters and receiver will fit in a small attache case, The system

will be portable so that an instructor can check it out for a



, particulér class application,
A system diagram is shown in figure 1. A'functional dia-

.‘gram fs shown in figure 2. -

Reference .

(1) Engineering Edugation
April 1967 Pg. 588
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