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Preface.
Any problem whick inhibits the operational readiness of our Air Force, should be solved in the
most rapid manner pos<it e, This was my feeling when [ was assigned the task of solving the “short-
life” problem inkerent in _he Geiger-Muller tubes presently used on USAF aircraft. When I was in-
troduced to the problem. t was extremely hard for me to realize how this small and “simple-looking”
device could possibly have the impuct on aircraft operational status that it does. As time went by
and my investigations beca ne more involved, I found that this “simple™ device became extremely
complicated when placed “a the thennal and vibrational environment of the airplane. It was a short
time later when I conclucc that [ was going to : ~ed help. My cries for help were heard by far more
people than I thought pos:ble. It is to these people that I owe a debt of gratitude far greater than I
can ever pay. Fortunatelv. their reward is the same as mine~the satisfaction of having worked on an
“Air Force” problem and having been a part of the overall solution to that problem. Although this is
al] they asked for, I feel that without them little progress could have been made, and so, I am now
going to attempt to put into words all the gratitude that I have felt during these past months.

The first person ] came in contact with (outside my own laboratory), was Mzj. Larry Fehrenbacher
of the Aerospace Research Laboratory (ARL). Through him, nearly every door of ARL was iiterally
opened at one time or another. It was his motivation and interest that made this problem mean more to
me than just a “block to fill” and a “grade to record”. The time, that he took away from his own re-
search and study, was given willingly in the interest of solving an “operational problem”. Through
Major Fehrenbacher, T met Dr. Tiernan, Dr. Hughes and Mr. Michael Taylor of ARL’s Chemistry Branch.
These three men contributed significantly to this study. As in any investigation, problems arise and
“dead-ends” are incurred. These people would not take “no” for an answer, and always found a new
method of approach. The results they derived from spark source mass spectrometry were priceless.

Major Fehrenbacher also introduced me to Dr. W. Haas of the Surface Analysis Branch of ARL.

His study of detector surfaces via Auger spectrometry, also gave a great insight into the attack that took

place on these surfaces.

- I am also indébted to Di. W. Baun and Mr. James Solomon of the Air Force Materials Laboratory.
Their analyses of G-M tube surfaces (by the scanning electron microprobe) provided many pictures of
the cotrosion that caused the detectors to fail.

In the Flight Dynamics Laboratory, there is one special person that gave me and my problems

many houts of his off-duty time. This time was given at the expense of himself and his family, and so,

to Capi. Denny Rossbach and his wife, I say “thank you™.
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There are tw> extreinely important people, whom I feel. never -eally comprehended how much I
appreciated their assistancz: My thesis advisor Dr. George Johin and my laboratory advisor Capt. Robert
Couch. Without their sugg stions, questions, and answers this study v'ould have been doomed to failure.

In that this thesis was a sa:cess, directly reflects their dedication aud sincerity. To Dr. John and Capt.
Couch I extend my sincere gratitude.

There are many other, to whom I would like to thank, but space prohibits it. So in short, I tiank
Mr. Brennan Gisclard, Mr. Jmmes Clark, Lt. Larry Tessler, the Harshaw Chemical Companyand all those people
who added to this study.

The last and greatest lebt of gratitvde is owed to my wife and *amily. ‘Without their love, confidence,
and patience, I could never have accomplished the task of gaining this degree.

This work was performed under the charge number 337A at the Air Force Flight Dynamics
Laboratory, Coritrol Systems Development Branch (FGL), Wright-Patterson AFB, Ohio.

Payton, Ohic Dale E. Morin
March 1972
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Abstract

The causes of failure of the G-M detectors used in e nucleoniz oil gauging sysiem of USAF

. aircraft are presented. Experimental tests performed on several tubes, in simuiated aircraft environ-

‘ ments, proved that the detectors fail because of a depletion of the ha ogen quench gas. A variety of
' surface analyses established that the halogen gas reacted with both the cathode and anode surfaces.
On the cathode the halogen (bromine) attack was always co-located with lead deposits and the only
known source of lead inside the counter is from the glass sol;ier used as the tube sealant.
The anode showed two types of bromine attack: A fairly uniform attack of the entire surface
and a highly localized attack on abraded regions. These abrasions werz evident on every detector that

failed in the simulated aircraft environment.

Recommendations are made to increase the G-M tube longevity. Implementing these recommen-

dations require only minor modifications to the basic system.

P OTRE g

ALY

o AN

»Et L Graiies

<2 gy

XL 4o | Pt Bk
VP (Vs

0
S

o

1)
PO

R

33k

S

%R

e e A DR A D PR

AV

Y



=
%

L p e ket A R ARy T 10 RS

GE?/PH/72-14

I. Introduction

Problem

The operational re+'.ness of approximately 1500 aircraft, which employ the nucleonic oil gauging
sysiem, has been impaired 0y the failure of the Geiger-Muller (G-M) detectors useé as seasors in this
system. This thesis reports the causes of failure and the methods for increasing the longevity of G-M

detectors in the high-tempe ature and vibrational environment of the ict engine.

Background

Until recently, the me:hod mest used to ascertain the presence of ol in the engine (during
flight) was a pressure-sensin; system. Unfortunately, the pressure in the oil lines remains almost constant
until the oil resetvoir is eme:y and under optimum conditions the engine will coatinue to operate for
only anuther 15 minutes. Thus, a means of ascertaining “‘real” time measurements of the oil quantity
is extremely advantageous. The nucleonsc oil gauging system is capable of giving this information and
has been credited with saving several airplangs.  As an additional emphasis, the Tactical Air Command

has made this system mandatory on all new single-engine aircraft.

Goals and Approach

In light of the need for morc rugged G-M tubes, this thesis has as its goals:
1. To determine how and why the aircraft G-M tubes fail so rapidly,
2. To determine now their useful lifetimes may be extended, and
3. To develop a tuly rugged, long life G-M tube.

A review of G-M tube theory is presented as a first step in approaching this prcblem. This
review stresses the aging characteristics, causes of failure, and methods of ex‘ending a counters life-
time and is used as a comparison and guide throughout the experimental section.

The second section reports thi¢ results gained from the two experimental aveas: The environ-
mental tests and the supplementary tests. The environmental tests were conducted under highly con-
irolled conditio;s, désigncd to reproduce the temperatures and vibrations of the jet engine. The resuits
of these tests (performed on new tubes) arc compared with aging and failure charactenstics ganed from
literature searches. The data gathered from elaborate surface anzlyses performed on ramberous detec-
tors is reported and shows exactly how and why these detectors failed.

The results of the supplementary tests are used to illustrate how the materials ar.d design of aircraft

G-M tubes can be adjusted so that extensions to operational lifetimes are achieved.
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In the last s2ctisn (Conclusions and Recom:nendations) methe Is are suggested by which the air-

craft detectors can be niodified to increase their longevity and yield a truly rugged G-M tube.
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I1. Theoreticil Considerations

The basic theory of halogen-quenched G-M counters must be unw:erstood, so that comparisons
can be made and conclusions drawn from the results of the experimertal tests. The following is a

summary of that theory w vich is presented in greater detail in Appen-uix A.

Summary _of Halogen-Quenched G-3 Ccunter Operations

The theory of G-M tube oper:tions has been studied extensively sy Rose, Korff, Present, Liebson,
Cusran, Cragzs, Friedman, Loeb and <. number of others who_have con ributzd to the development of
the fundamental principles. In order w summarize their works clearly and as concise as possible, the

theory is presented in five main parts. The parts are presented in the order in which they are listed:

Y—

. The description of aircrart G-M tubes,

The formation and spread of the discharge,

2.

3. The process of quenching the discharge,

4. The aging characteristics of G-M tubes, ard
5.

T'«e recommendations for increasing the longevity of G-M tubes.

The Description of Aircraft G-M Tubes. Halogen-quenched G-M tubes are presently used on USAF

aircraft, and consist of two concentric cylinders. The inner cylinder, or anode, is a taut wire, which is
maintained at a positive potential and insulated from the outer cylinder (or cathode). The space be-
tween these two cylinders is filled, to a pressure of approximately one-half atmosphere, with a gas mixture.
This mixture is a combination of «pproximately 98.4 percent neon, 0.1 percent argon and 1.5 percent
halogen (bromine or chlorine), where the neon gas acts as the “carrier” of the discharge. The actual

tubes used on aircraft , are discussed in further detail in the Experimental Equipment section and also

in Ref 22:1-12.

The Formation and Spread of the Discharge. This section explicates the essentials of radiation
L
detection: The initial jomization process and the spread of the discharge.

1. The !nitial fonization Process. This process can be initiated only if three conditions are

met: -
1. The potential on the anode must be greater than or equal to the starting voltage ('VS) of
the detector,
2. The detector must be in a radiation field, and
3. An electron must penetrate into the sensitive volume between the cathode and anode.

The first condition is necessary so that the field between the cylinders is great enough to support a
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: discharge. The second ard third conditions are closely related, since it is the radiation field which

3 gives tise to the electrons that penetrate the sensitive volume. To review some of the characteristics )

of this field will aid in u2 lerstanding the overall fonization processes. A radiation field is composed of
i a . B, v,and x-radiatf n with energies characteristic of the emitting source. As stated in the Intro-
. duction, the souvr-e uscd Jn the aircraft is KrSD, which emits a f7~0.67 Me¥ (maximum) and a ¢ =052 MeV.

The emitted photons (¥ tarticles) generate the electrons that penetrate the sensitive volume and eventually

nyy
FIRSOUPVRI I T O

cause the discharge. to occar. However. prior to discussing the discharge formation, more consideration
should be given to the gen:ration of these electrons.
There aie three .:icc 1anisms by which electrens can be produced:
1. Pair nroduction, i‘
3 2. Phoioelectric effict in the gas or cathode walls, and
h 3. Compt'on effect in the gas or cathode walls,

Pair production requires an energy greater than 1.02 MeV to occur with any significant probability.

Since Kr3° emits no photons at or above this energy, then pair production is of no interest.

JRPRSIUNTY S NPT T T VY P T TR Y

Photoclectric and Compton effects also depend upon the energy of the piioton, but both are
possible at energies below 1.02 MeV, and definitely occur when K85 is used. These effects are also
dependent upon the density and atomic number of the cathode material. From considerations of
density and cross-sections of the gas and cathode walls, it can be assumed that both photoelec:ric
and Compton events will occur most probably in the cathode walls (as a matter of fact, both of
these processes do occur and are of nearly equil importance). Therefore, these processes in the cathode
walls constitute the primary sources of energetic electrons, that initiate discharges in the G-M tube.

Once an energetic electron has penetrated the sensitive volume, it drifts toward the anode under
the influence of the electric field (E). This field is characteristic of one formed between two concentric

cylinders and varies according to the following equation:

\ -V (1)
- e rink
' fa

where V is the potential applicd to the anode wire and r, and ry are the radii of the anode and cathode
respectively such that ry (r (. As the electron traverses the sensitive volume of the detector, it
ccllides with ncon atoms, producing ion pairs. The clectrons from these ion pairs also drift toward the
anode under the influence of the E-field and when they are near the center wire {approximately 5 wire
radii (Ref 32:170})], they will have gained sufficient kinetic eneigy to produce additional ion pairs. These

in turn, produce more ionization in a cascading process, which eventually results in a discharge that
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: completely encompasses the ancde wirz. The formation of the initiai discharge in chis manner is j
2

3 e
¥ common te both G-M tubes and proportional counters. However, the spread «f this discharge down y
1

[ the anode differentiates G :iger-Muller tubes from proportional counters,

¥

¥ 2. The Spread of th: Discharec. The actual mrechanism for th:spread of a discharge, was un-

¥ &

21 Aty

explained for a long time, although photons were always considered *o play an importani role. The

LT SN

best current explanation is that the photons emitted from the energetic species of an avalaiiche, have
wide varicties of exicrgjcs a1d thus ionize other atoms or molecules in the gas. Through ionization,
<lectrons are-released which.-feed.a-new avalance and thus the process continues. This ionizing process
will now be discussed 1n gr2a1er deraii 10 show e source of photons and what species can subsequently
be ionized.

Neon is the most likely candidate, as the photon generating species, since it comprises over
98 percent of the mixture and argon combined with the halogen gas only constitutes 2 percent of the
mixture. Therefore, the rl.otons radiated by neon mest now ionize some other molecule or atom in
the mixture. It is not likeiy that a nron generated photon will have sufficient energy to ionize
another neon atom, nor is it probable that argon, in its small percentage, could significantly add to
this process and the same could be said of the halogen gas, since neither brom.:ne or chlorine appreciably
absorb photons (Ref 31:345). Thus, if the process is to continue, an additive absorption of energies
(collisional and photon) must lead to ionization of neon atoms. Each successive avalanche moves the
discharge slightly further down the wire, until the entire length has been traversed. The velocity of this

spread has been measured by several observers to be approximately 107cmysec (Refs 15:179, 32:192).

The end result of the discharge spread is a pulse whose height is independent of 1he initial ionizing
event.

This section has shown how the discharge is formed, spreads the length of the anode, and yields
a pulse that can be detected. The original discharge must now be quenched, to prevent the possibility

of subsequent discharges (which would yield spurious counts).

Quenchine the Discharge. ~ The G-M counter is only accurate if it produces an output pulse

rate proportional to incident radiation rate. Thus, each discharge originai2d by an ionizing event, must
be terminated. This terminating process is known as quenching and is accomplished by:
1. The positive ion sheath,

2. The internal gases, and

3. The external circuitry,

As the discharge forms and traverses the counter iength, the electrons are collected on the anode
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leaving a positive-ion sheath surrounding the wire. This sheash reduces the E-ficld near the center wire,
decreasing the probability of an avalanche forming, and in this way, acts as a quenching mechanism.

The positive ion sheath then drifts radially outward toward the zathode and when it has reached
a critical distance [critical radius ( rc)] from the center wise, the field near the anode increases sufficiently
that another avalanche and discharge can occur. The positive-ion sheith thus succeeds in delaving a
second discharge from occurring. itowever, once it has moved past r., another discharge could form
and thus give spurious couats. In order to prevent this, the energetic species created in the discharge, are
neutralized by usifxg quench gases. During the discharge, the metastal le states of neon are readily ex-
cited-and if altowed to-cxist, wouid eveniually radiate enough encrgy :o re-initiate the discharge. How-
ever, argon, bromine, and chlorine have ionization potentials below 1t 2 neon metastable-state energy
level. Thus, a collision between the metastable-state and any of the other gas atoms mentioned, results
in a neon metastable de-excitation. When a neon metastable atom collides with an argon atom the
argon is ionized in the process. The argon ions then drift in the E-fie’d toward the cathode. but
“charge exchange” with a halogen molecule before they reach the cztnode.

The same basic neutralizing process is followed when a collision occurs between excited neon
atoms and halogen mo.ecules, except that the jonized halogen molecules will be neutralized by absorbing
an electron from the cachode wall. Upon neutralization, the halogen molecule dissociates into two highly
reactive atoms. These ztoms eventually recombine to form a neutral halogen molecule, if chemical re-
actions with the internal surfaces do not occur first. This illustrates both the greatest advantage and dis-
advantage of using halogen gases. Since the dissociated halogen molecule will recombine 1o form the
original quenching gas jmplies that the detector should last indefinately. However, since these dissociated
species are highly reactive. special precautions must be taken to insure that all the internal surfaces are
totally halogen resistant. Although halogen gases definitely quench the discharge, the resulting plateaus
(count-rate versus applied voltage) are generally short and stecp, and a third qu:nching mechanism is
needed to increase the effective voltage range of the G-M tube. ,

The entire quenching pr.ocess can also be performed by the use of clectricai circuits, but tradi-
tionally the recovery time (i.e., the time required for the positive-ion sheath to be neutralized) is very
slow. Externat circuitry can be used in two ways to quench the discharge: Actively through quenching
circuits, and passively by increasing the impedance of the sensing circuit. The active quenching process
is not used on aircraft and thus will not be explained in this account. However, if further infor:nation
is desired, reference is made to Price (Ref 25-118-123).

The passive quenching process is used in the nucleonic 01! gauging system and its operation is

explained next. As a preliminary investigation to this thesis, a simple experiment was performed
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in which a counte: was o xrated in a circuit with “zero™ impedance. The result was that the counter
began operating nomally at V¢ arvi the intemnal {space charge) mechanisms were sufficient to quench
the discharge up to a cert in voltage, called the critical voltage (V). Once V was reached, two distinct
pulse shapes were detected: A small pulse, which was the typical pulse noted below V , and a much
larger pulse which was du:ccted upon reaching Vc. The small pulses signified the discharges quenched
by the internal mechaniss and the large pulses were found to be quenched by a combination of
circuit impedance and int< rnal mechanisms.

In the low impedanc: circuit, the counter weat im0 continuous discharge at Vc +, 10 volts,
but it was found that by ‘acreasing the circuit impstiance, a grezier vol age could be applied to the tubes
before it would go into cc ntinezous discharze. This gave the counter a wider operating voltage span, or
plateau. With this in minc, an additicnal resistance [load resistor (Ry )] was placed in series immediately
behind ihe counter. In escence, the load resistance increases the circuit impcdance and thus the operating
range of the counter.

A second experiment was performed to determine the optimum circuit position for Ry . It was
found that the advantagcous etfiect of inc 1oad rcsistor was decreased as it was moved further from the
G-M tube. This implies that, for best resuits, the load resistance should be as close as possible to the
counter. Another result of this experiment indicated that the size of Ry is not as important as its
presence or position, (i.e., a resistance of 1.0M L jias the same basic effect as a S.0MR  resistor).

This completes the section on quenching the discharge. In summary, this account of *::¢ theory
has: Described the tubes used on the aircraft, explained how the discharge process takes place and
spre s, and finally, how the discharge is quenched so that a truly representative counting of the radiation
field is attained. The next section in this account will deal with the known aging characteristics of
G-M tubes.

Known Aging Characteristics

The importance of this section cannot be overstressed, for these aging characteristics will be used
for guide lines throughout the remainder of this thesis. This section is divided into three parts, each
dealing with one of the following characteristics:

1. The effect of aging on V.,

2. The effect of aging on the plateau, and

3. The occurance of oscillations in aged tubes.

1. The Effect of Aging on Vs Starting voltage is defined herein as the potential that must be

applied to the G-M counter in order to detect pulses with heights of ™ 20m volt. If this voltage were

monitored during the aging of the tube, a decrease would be noted. This decrease is thought o be caused
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by a depletion of tae halogen gas through reactions with the iaternal .urfaces of the counter. It has
been assumed, by many suthors, that these reactions ae causcd by the highly er ergetic dissociated

halogen species and since ttey are formed close to the cathode, this strface should bear the brunt of

the halogen attack. [Littls significant data has been found to confi-r this, or what (if any) attack is
inflicted on the anode.] However, experiments performed by Liebsor and Friedman and by Ward and

-

Krumbein (Ref 19:304, 32: 342), dc prcve that a decrease in Vs will -ccompany a reduction in the amount

.

of halezen gas within the detector. Therefore, since the starting volta-;e can be monitored accurately

and easily, this should be t} 2 first indication that any given tube is agiig. Once the drop in V,is %
significant, a study of the p.ateau should reveal coasidersble insight in.o the detectors’ operational é}f
status. E]
7

2. The Effect of Aging on the Plateau. The second aging chara :teristic that should be noted %

-

is changes in theé plateau. As was briefly mentioned before, the plateart is a plot of the count-rate of 33_

3,
A

the detector versus the voltage that is applied to it. The length and slope of this plateau, depends upon
a number of variables. Son.e of these are: tie pressure in the chamber, the type of filling gas, the
peicentage of halogen gas, and the cathode material. I swever, for each set of initial conditions a
corresponding platezu will exist and the changes in this cui.e are indicative &;f the detectors status.

In the last section, it was determined that the starting voltage should decrease with age. Assuming

this is correct, then a corresponding shift in the starting point of the plateau should also occur. Again,

z
&
5
3
E
p:
z

from the first aging characteristic, it was noted that this reduction in V, is due to a loss of halogen gas.
If this is true, then as the halogen gas is depleted, the quenching ability of the detector is also reduced

and the plateau should show a decrease in {ength. This reduction in quenching ability should also lead

SRGEEA K IRINY

to an increase in the slope of the curve, since more spurious and multiple pulses can occur.

ey

Thus, two different but related aging characteristics, can easily be followed and the status of the

ACH

o

v

detec’ or can likewise be monitored. There is one last characteristic that occurs in the aging process of

a halogen G-M tube and this is discussed next. ) ;;2

3. The Occurrence of Oscillations in Aged Tubes. This last characteristic has been noted by many %

observers, but Liebson and Friedman were among the first (Ref 19:305). The most compiehensive %

and current ex-planation of this phenomena has been forwarded by Usacev and Seman (Ref 29:4144), j;

¢ The oscillations noted in these references, generatly occur in the vicinity of V, and although there . Z

have been basically three different patierns noted, the frequency always lies in a range between 15Hz 4%:

’ and 40 Hz. It must be realized that this phenomena occurs only when the amount of halogen gas is §

very small. Therefore, the oscillations are more indicative of failure rather than aging and they -annot %

really be used to monitor the status of a G-M tube. %
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In summary, there are two characteristics that can be continuously monitored to determined the

operational status of the G-M tube (changes in V and changes in e plateau) and one phenomena that

is more indicative of detector failure (oscillations). These three charicteristics were used to evaluate the

status of counters tested in this study.

Recommendations for {ncreasing the Longevity of G-M Tubes Before any recommendations can

can be made for extending the lifetime of G-M tubes, a review of ho v and why they fail is raquired.

Sl SRR AL A St AT DS

¥

From the aging characteristics it is noted that detectors age beciuse the halogen gas is depleted.
In theory, this depletion occurs when the dissociated halogen species react with the internal surfaces
of the counter. Therefore, the only recommendation that theory for ~ards is to use kalogen inert

materials for the internai surfaces. The materials most reterred to are: Stainless steel, tantalum and

R e 0 o QUSRI SV MRS N 2 Wb

platinum. However, data gathered from corrosion handbooks (Ref 29:145, 321, 303) indicate that all

these materials re attacked by halogens at temperaturcs above 100°C and this temperature is below :
those experienced on jet engines. Thus, it appears that part of this thesis must be devoted to finding

new materials and methods for extending the lifetimes of G-M counters.
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11I. Experimental Equipment

In this section thc Lasic equipment used in the experimental yortions of this thesis will be de-
scribed. This description will not concern itself with the details of oroprietary processes or the special
equipment used in performing the analyses on failed G-M tubes. tewever, further information and
references are given in Appendix C.

The Geiger-Muller Tubes

The halogen-quenched G-M tubes used throughout this study v ere basically thc same as those
employed in the A-7D aircraft and were N .. -
munufactured by the Harshaw Chemical
Company. These tubes have an overall
and effective length of 5.5 inches and
3.8 inches respectively, and an out-
side giameter of 0.29 inches (see Fig.1).

The cathode is basically a 446

stainless steel cylinder, with a wall

thickness of approximately 0.02 inches.

The internal surfaces of the cathode /@
undergo a series of proprietary processes Fi.g. 1. A Harshaw Geiger-Muller Tube
which are designed to increase the
detectors longevity and efficiency. One of the most important processes is an electroplated platinum
layer on the cathode surface, which is approximately 15 microns thick and has a surface coverage of
8-15 mgms/cm2 (Ref 22:4). Once the plating process is complete, then the surface undergoes oxi dation
and passivation steps to produce a halogen inert surface.

The anode is a 17-7 PH stainless steel wire whose di r is about 25 mils. This wire is mounted
in the detector under a tensicn in order to produce a resona... frequency between 800 Hz and 900 Hz.
The wire, although not plated, undergoes the same oxidation and passivation processes as the cathode,

and is insulated from the cathcde through the use of forsterite insulators.

Once the G-M tube is assembled and sealed (using glass solder), the chamber is filled to a pressure

+ of 350-400 torr with a gas mixture. This mixture is composed of 98.4 percent neon, 0.1 percent argon,

and 1.5 percent bromine.

10
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The Electronic Circuitry

The circuit employed in the ex-

perimental tests. to detzct Geiger pulses, G-M Tube c
is shown in Fig. 2. T»¢ circuit is com-

RL - Output
posed of; a high voltage scurce, a load

resistor, (R ), a sensing 12sistor (R).

a capacitor (C), and a G- tube. Althcugh

various high voltage sourc:s were employed,

-+
the discussion of these +:ill be postponed
poponed - —ipp—

to the electronic equipmcat section.

Both the load resistor (w"en used) and

the sensing resistor were bout SMAL .
Fig. 2. The Fundamental Sensing Circuit Used in

Even though only one capacitor is Experimental Testing
shown in the diagram, there are four different sources of capacitance: The G-M tube, the coaxial cable,
the oscilloscope, and ihe liste;i capacitor. The G-M tube is composed of two concentric cylinders and
thus produces a corresponding capacitance. The value of this capacitance was calculated to be 2.02 pf.

The second capacitance is derived from the length of the coaxial cable between the G-M detector
and the sensing circuit. The cable used in this study has a value of 15-20 pf/ft.

The oscilloscope has a built-in capacitor when the AC position of the scope is used. This capacitance
is in series with the scope input and has a constant value of 47 pf.

The last circuit capacitance is a 0.05x f capacitor, that is 2lso in series with the scope input. How-
ever, if the AC position of the scope is used, then this capacitor is not required and has no effect on
the detected pulses.

The High Voltage Sources. As stated in the discussion of the sensing circuit, various hign voltage

(HV) sources were used in performing the experiments. All of these were off-the-shelf preducts and were
employed in two methods: As a primary and as a secondary source. The primary source required a
variabie output from 0-2000 volts DC, and the secondary supplies were used to augment or “buck”

the primary s;pply. The secondary supplies generally had a constant output of approximately 300 volts
DC. The amount of secondary voltage input to the circuit (to “buck’ or augment) was regulated via

precision potentiometers.

Pulse Detecting and Recording Equipment,  The Geiger pulses were observed on a Tektronix 535

oscilloscope using a type M plug-in unit. The “vertical output™ of the scope was used to operate; a

RIDL single channel analyzer and scaler-timer and a Tullamore count-ratc-meter. These were used to
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count the pulses aad also to plot plateaus of count-rate versus applic 1 voltage,

The “plateau plotiei™ utilized a separate HV supply in conjunction with a 2000 volt operational
amplifier. This combinaticn enabled a voltage span to be swept horizontally along the X-axis of an X-Y
recorder. The Y-axis of il e recorder was connected to the output < | the count-rate meter and thus,

complete plateaus (as in Fig. 3) were made entirely automatijzally.

The Radiation Sources

The primary- radiatior source was 250.u éuries of Cs137. ¢s157 emits a B~ 052 MeV (maximum)

-and a-y = 0:66 - MeV. Two additional-sources were used for the-efficis ncy experiments; Kr®S and Co®0,
Although K83 radiates bo h B and v rays, the amnount of v radiation comprises a very small percentage
(0.4 percent) of the total radiation. Therefore, a greater amount of it was used (4.0 curies). K3 has
radiated energies of f~ 0.67 MeV (maximum }nd ¥ = 0.54 MeV.

‘The Co0 source has a much higher percentage of v radiation, thus 200.u curies were used.

The radiated energy is in tke form of A 0.314 MeV and y = 1.17 and 1.33 MeV (all listed radi~:ions
were taken from Ref 11:450-504).
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IV. Experimental Tests, Procedures and Results

Iatroduction

It was stated in the introduction that the basic problem with ‘he Nucleonic Oil Gauging System, is
in the short Lfe of the G-M tubes. Alsv, it was noted in theory, tha: G-M tubes fail because the halogen
gas is lost due to reactions with the internal surfaces (most notably he cathode). With these facts in
mind, it is the purpose of this section 0 ascertain answers to the fo lowing questions:

1. Do the aircraft G-M tubes age and fail because the halogen :as is being depleted?

-2. -If-s0; wheie: does-the-loss-of shalegen-gas “occur?

3. Why does this loss occur?

4, Can this loss be reduced or eliminated?

With the answers to these questions as the goal, two environmental tests were performed:

Lifetime testing of G-M tubes in 200°C temperature and lifetime testing of G-M tubes in a combined
environment (i.e., 200°C temperature and simulated aircraft vibratiors).

In conjunction with the environmental tests, several analysis methods were performed on both new
and fziled tubes in order to determine any relative changes in the counter surfaczs and/or gas com-
position. In the following list, the first three methods were used for surface analysis and the last two
were used for gas analysis:

1. The Spark Socrce Mass Spectrometer,

2. The Auger Spuctrometer,

3. The Scanning Electron Microprobe,

4, The Wet Chemical Gas Analyzer, and

5. The 21491 Mass Spectrometer.

Further information on these methods is contained in Appendix C.

The two supplementary experiments were conducted in the areas of counter efficiency and
vibrations, to gain the followfng information:

1. To find the variation in detector efficiency, with changes in cathode materials and dimensions,

2. To find materials which were basically halogen resistant, and

3. To find materials capable of withstanding the vibrations of the aircraft.

A preliminary analysis was made on a new tube, in order that relative comparisons could be made
with aged and failed tubes from the environmental experiments. The results will be presented now, so
that they will be available for use throughout this paper. The findings of the various analytical methods

are listed in Table I, and summarized in the order in which they were listed above. Only two of these
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methods (sc2aning electror: microprobe, and the wet chemical gas an.iysis) approach quantitative re-

L mcats arphhe o L DYRHE

sults and so relative changes must be relied upon to draw conclusions.

Analysis of a New G-M Tut e

The Spark Source S»:ctrometer Analvsis: This methed reveded traces of hydrocarbons and

negligible amounts of broir e on the cathode. It clso disclosed that the anode suffered an insignificant
amount of bromine attack. The overall composition of the suifaces v ere very closely alligned with the

manufacturer’s patent (Ref 22:4); the only exception being the amovnt of electroplated platinum was

not uniform and in some a12as non-existant.

‘The Auger Spsctrome:er Anaivsis. Auger Spectrometry revealer. no bromine on the cathode

wails, however, the presence of hydrocarbons was fairly uniform. The primary composition of the cathode ’
surface (from 0 to 200 A ) is nickel-oxide with small quantities of pla.inum, iron, and chromium present.

Analysis of the anode did show a very thin uniform layer of bromine.

The Scanning Electron Microprobe Analysis.  These results confirm those of Auger spectroscopy.

The only differences were in the composition of the cathode. The microprobe revealed a definite layer

2
of platinum on the surface and beneath this was layer of nickel. The »latinum Jayer was by no means ;
uniform and contained cracks, notches, and holes in which nickel, iron. and chromium could be detected.

The Wet Chemical Gas Analysis. If a new tube was filled accrding to the manufacturer’s patent

(Ref 22:4), then it should contain 150 4 gms of bromine. Results from this analysis revealed 108
gms were actually present. This deviation could be due to a lower total pressure ({350 torr), lower

halogen percentage ({1.5%), or a combination of the two, but this quantity is considered to be within

mass production limits.

The Mass Spectrometer Gas Analysic. The Mass Spectrometer was not used to sample the gases
from a new tube, but was employed in the analysis of failed detectors and also several detectors, sent
to the Air Force Flight Dynamics Laboratory fre: . the “ficld”.

Since little was nown about the aging characteristics of tliec Harshaw geiger tubes, it was felt
that a test in the simulated aircraft environment (i.e., both thermal and vibration) would not be immediately
advisable. Instead, a test was first performed in a thermal environment where the complications of the
vibrations wcr; not present. This approach also gave considerable basic information on the aging charac-
teristics of these detectorss, which proved to be extremely valuable when the combined environmental

testing was performed.

Lifetime Testing of G-M Tubes in 200°C Temperature

As was stated before, this experiment was performed to gain basic information on the aging

Dl e st e R v v
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characteristics of the airc.aft G-M tubes in a highly controlled temperature environment. The constant

high temperature cxperiment was preferred to either a cyclic or ambient temperature test since the
dissociated halogen specic- have higher reaction rates at elevated temperatures, and therefore this would
constitute a “worst-coyd-.ion” test.

Procedures. This ¢. periment used six tubes divided into two tests. The first test consisted
of three counters operater via manual pulse height control (i.c., the charge per pulse was controlled),
where the 2pplied voltage was always maintained below V. Since the reduced charge per pulse produces
fewer energetic species (p2- pulse), the halogen gas has fewer excited species to quench (per pulse) and
the end result should be @1 increase in'lifefime for any given detector.

The second test was performed on the remaining three tubes, which were operated in the same
manner as in the aircraft ¢ saging system. That is, each tube utilized a 5.1 M. load resistor and was
operated at a constant 70C volts. When a detector failed, while operating in this configuration, its
voltage was reduced to below V. and the tube was operated under manual pulse height control. This
was done to find whether the tube would rejuvenate itself or not. and if so, to determine what ex-
tension of lifetimes could be achieved.

Results. The results of this experiment are listed in Table II.

i. The Aging Characteristics. As indicated in Table Ii, the starting voltages dropped on every

tube, as predicted. The drop-rate was approximately 45 volts/100 hours of testing, for the first 200
hours. This rate then decreased to below 7 volts/ 100 hours for the remainder of the experiment.

The changes in plateau shape were less well defined. but a pattern did develop and these changes
will be discusse¢ according to the modes of operation (i.e., with and without pulse height control). The
starting points for the plateaus, of those tubes using pulse height control, reduced in voltage as V, de-
creased. The plateau remained flat (2 percent increase in countrate per 100 volts change in potential)
throughout the experiment. The most prominent indication of failure was when the detector became
statistically unreliable as a “random cvent” counter. A very notable result of the experiment is that the
average lifetimes of these tubes were twice those operated at a constant 700 volts.

The plateaus of the detectors operated at a constant 700 volts, had the same basic changes with
Vs Howcvcr?as the tube aged, the upper end of the plateau (the multiple pulse region) decreased in
voltage also. The tube would fail when the multiple pulse region coincided with the applied 700 volts.
This tube would have to be replaced, at this time, if it were in an aircraft, but according to the proce-
dures, the voltages were subsequently reduced below V and operation was continued using pulse height
control. When this was accomplished, every tube rejuvenated itself and the average lifetimes were increased

by a factor of between 3 and 4 (350-1200 hours). An explanation of this phenomena is that, as the tube

15

I R . .- -
e el ey balD - .
oL [T . 2
B NN N = SN e— T P 573
e PR S e e RS

\
b




amr gy

7/
GEP/PH/72-14
ages, ihe brom®.e conten: decreases. However, since the tube is opirated at a constant 700 volts, the
same approximate numbs- of energetic species are created per pulse (with small changes due to pv'se
heights). This means that a smaller quantity of bromine must perfoim the same quenching processes
and therefore, there is les: time allowed for the disseciated speciec o recombine. The result is a rapid
on-set i the multiple puise region. Once the voltage is redr:ced, ard the pulse heights controlled, the
number of excited species per pulse is reduced, yielding more recom ination time and thus, the reju-
venation of the detector’s plateau and the extension of its useful lifetime.

It is indicated, by the changes in V_, that the halogen gas is be ng depleted. In order to confirm
this and to determine wh: re the loss took place, two analysis methc Is were performed: The wet chem-
ical gas analysis and the spark source mass spactrometer surface anal:'sis. These will be discussed in the
order listed.

2. The Wet Chemical Gas Analysis. Three tubes were analyz~d for bromine content and each

showed a significant decreass. The average bromine content was ~ 17.4¢ ems as compared to 108«
gms in a new detector. Thus, the loss of halogen gas is confirmed. Still unanswered is the problem of
where this loss takes place.

3. Spark Source Spectrometer Analvsis. The spark source mass spectrometer was used to analyze

each of the three tubes and significant quantities of bromine were found on the intemal surfaces and
most notably the anode. The results show there was an average of 8.5 times more bromine (per spot
analyzed) on the anode than on the cathode. The greatest amount of bromine attack still takes place
on the cathode, since it has ten times the surface area, but the attack on the anode is significant.
A literature search revealed little information about halogen attack on the anode or about the formation
of ncgative bromine ions, which are the only known species that could accentuate the anode attack.
However, it is plausible that a variety of highly active negative species are forined within the concentrated
plasma discharge along the anode wire.

From this lugh temperature experiment, consideiable detailed information has been gained on the
aging phenomena of aircraft G-M tubes. However, the information is of restricted value since the total
aircraft environment has not been duplicated. The basis has been laid and the results of the combined

environmental experiment will be described next.

Lifetime Testing of G-M Tubes in a Simulated Aircraft Environment

With the knowledge that these G-M tubes age and fail because the excited halogen species attack
the internal surfaces, a study of the additional effects caused by vibration should ¢ *~.plete the answers

of how and why these tubes fail so quickly in the aircraft.
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Procedures. The thernal portion of the experiment was conduc- ed as before (i.e., the temperatur:
was maintained at a consi21t 200°C). In order to simulate the vibrations of the engine, 2 tapcof IF4]
engine vibrations (the engir. : used in the A-7D) was studied by the Ceribined Environments Branch of the
Air Force Flight Dynamic; Laboratory. Through this study a simul:.- n was derived which consisted of
two simultaneously operat.d components: A continuous random back zround noise wnd a sweeping sinusodal
wave. (A graph of the total simulated vibration is contained in Fig. 4). The random background noise was
operated at 0.1 g?'_/Hz and hid 3db/octave “rolloff points™ set at 100 H: and 1500 Hz.

The sweeping sinusod.al wave covered the range of all the anode r.sonant frequencies(f}) and was
operated at 5.0 g’s (rms). T 1e rate of the sweep was adjusted so that £2-h anode was excited to its peak
amplitude (at f}) during each sweep. Although this rate depends upon the spread in frequencies of the
wires, for this experiment it was V8 Hz/sec. The overall advantages of t s method of vibration testing are:

1. It is easy to reproduce,

2. It is more characteristic of all TF-41 engines than a tape, and

3. It can be used in batch testing.

A technical report will be written, at a later date, which will give the complcte. details of this mode of
testing (Ref 4).

As in the thermal experiment, this test was also divided into two parts: Three tubes were operated
with load resistors (5.1 M) and at a constant 700 volts and three tubes were operated with pulse height
control. For the three PHC tubes, automatic puls‘e height controlling circuits (currently under development)
were scheduled to be used, but because a “current leak” existed between the tubes and greund,the prototype
circuits could not be utilized. Manual control (at potentials below V ) Was also eliminated for the following
reason: Because the amplitude of the anode wire was large at fl (~0.1 inches), the field between the anode
and the cathode increased greatly at f; and, as a result, even with potentials below V, the pulse heights
would be large and more characteristic of those above V.. In essence, lit:le control of the charge per puise
was being obtained. Thus. another method had to be found and siince the amount of charge in an “‘uncon-
trolled” pulse is 9000 p coulombs and the charge in a “controlled” pulsz is only 70 p coulombs, it was
decided that the effect of a “perfect” controlling circuit could be simulated by operating the detectors with
no applied vol-t-agc (i.e., no charge per pulse).

The sequence of pictures shown in Fig. 5.6, and 7, depict the pulses of tubes using; no pulse
height control (Fig. 5), manual pulsc height control below V, (Fig. 6), and the automatic pulse height
controlling cizcuit (Fig. 7). The circuit used to produce the effect in Fig. 7,1s presently under investi-

gation and development by the Air Force Flight Dynamics Laboratory under the direction of Captain
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R. P. Couch. The same p ocedure was used as defore, when a tube operating at a constant 700 volts
failed (i.e. it was subsequently operated using pulse height control) or, as will be expiained later, the
voltage would be removce entirely. Again, it was desired to ascertain if the tubes would rejuvenate
themselves and if so, we~ extensions to their lifetimes could be gained.

Results. Tl tabuls 24 results in Table Ul contain the aging data and the general surface and gas
analyses. These results co.-fimn those found in the thermal experiment and also give considerable insight
into the factors leading to the depletion of the halogen gas. The following ~'wmary discusses each of
the results listed in Table I I and in the following order: aging characteristics, sutface analyses, and gas

analyses.
1. The Acing Characteristics. The aging characteristics of these six tubes followed the same

pattern as in the thermal e iperiment, with the most notable factor being a drastic increase in the rate

of aging. Also, for the firs. time, the last known aging characteristic, oscillations, was detected. These
characteristics will be dizcussed as before (i.e., changes in V. then changes inplateau) with the electrical
oscillations being last. As in the thermal experiment, every tested detector showed considerable de-

creases in Vs’ the main difference being the rate of change. In the thermal environment this rate was

45 volts /100 hours and less for the entire test, however, in this experiment the rate was 600 volts/100 hours
for the first 30 hours of testing. Although the test was concluded prior 0 the complete failure of all

tubes, the “best™ detector showed a loss of 150 volts and the “worst” tube failed in only 6.0 hours

(see Table IHIA). It should be noted that at the end of the 53 hours, three of the six detectors had

failed in one form or another.

Basically, the changes in the plateaus were the same as those in the thermal experiment with the
most notable difference again being the increased rate. The failure indications were also similar. except
that the detectors aged so rapidly that no reaf changes were noted in their counting accuracy before
they failed completely By examining the two different modes of operation, a better viewpoint on their
plateau changes can be gained. Those tubes using pulse height control , showed the same changes as
ixi the thermal experiment and they also had twice the average lifetimes of those operated at a constant
700 volts. The plateaus of all the tubes had a slope of ~2.0 percent/100 volts, and this increased to

5.0 percent/100 volts at the conclusion of the experiment. However, just prior to failure the count-
rate-increase could be as large as 10 percent /100 volts,

The counters operated at a constant 700 volts had the same general changes and percentages.
Two of these detectors failed before the test concluded and then continued their operation using pulse
height control. Only one of these two tubes rejuvenated and it continued operating successfully until

the end of the experiment. In essence, the pulse height control extended its life by a factor of 8
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Table INI A

g a T G TR AR

Results From the Combined Environment Test

Afematy

Aging Characteristics

et § UL KRS KIRAETANL DO ATV R I Y DY

: Tube Number Methd of Operation Total V 1ifetime Lifetime
Drop (1 ours) Extension
_ via PHC.
1 PHC * 280 ** 5.0
2 PHC.* 150 ** 53.0
3 PHC. * 280 ** 35 §
4 Ry = 5.1M0 T 194 €0 495
Vg = 700 volts $
5 R =5.1MQ 214 ** 53.0
and
Vg = 700 volts :
6 R =5.1MQ 321 18.2
and
Vg = 700 volts

* PHC = Pulse Height Control

**For further information see Appendix D
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(see Tube &4, “able It ). Although this is significant, it must be realized that the exneriment-nly
lasted 53 hours and thus even the puise height controller cannot compensate for inadequate designs

or materials.

The last area o t'1e aging characteristics, is the electrical oscillations. This phenomena occurs at

very low percentages o’ Lalogen gas and in the case of these detectors, this quantity was less than 1.0

gms. An explanation ~  this phenomena and three examples of oscillations are contained in the works

of Usacev (Ref 30:43). All three of the r T -
repoited oscillations wer: noted in this

experiment and-one-new example as

shown in Fig. 8. This o cillation was

peculiar because of the * damping”

V-0 <

g 2o

effect noted after every 2-3 cycles.

Another point of interest is that

— i -n

there was a definite sequence, in TIME
Fig.8.  “Damped” Oscillations

which the various oscillations were
detected. Although every step in the sequence involved a continuous oscillation, the frequency ranged
from ~v15 Hz to 40 Hz and the amplitudes varied between 0.02 volts and 0.3 volts.

The results of the surface analyses for this experiment are extremely interesting and important,
In order to present these in a clear and precise manner, each method will be discussed in the following
order: Spark source mass spectrometry, Auger spectrometry, and scanning electron microprobe. There
is one result that should be noted first; on the anode of each failed tube, an abraued spot was found
which corresponded to the edges of the ceramic insulators. The depth of this spot varied between
different wires, but it was clearly visible to the unaid=d eye on every wire. Another connected side-
light of interest, is a test that was performed on both a Harshaw and a Techniques Geiger Muller (TGM)
tube. This experiment entailed vibrating each tube at the anodes’ f} and at 20 g's (rms). According
to military specifications (Re.f 21:13), this test was to last at least one hour, with negligible changes in
the tested detectors. The Harshaw tubes’” anode broke after ~v 15 seconds. The TGM tube failed
after 20 minutes. In both cases the “break” occured at a point corresponding to the ceramic in-
sulators. This signifies that severe abrasion is taking place at 20 g’s, and implies that the test is too
strenuous and/ or the detectors are below the required quality. At any rate, this spoi was examined
closely by the spark source counter and Auger spectroscopy. An examination via the scanning clecton

microprobe is also under way but the results were not gatnered as of this wrting.
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GEP/PH[72-14

2. The Spark Sou;sce Spectrometer Analysis. Investigztion vi: spark source spectroscopy revealed

that definite quantities oi” bromine (Br), lead (Pb), and various hydrocarbons existed ¢n the internal
surfaces, and so to make -ure that all the information is presented, tae cathode and anode surfaces
will be discussed in turn. T!.e cathodes showed the same basic niz: :rials as before (i.e., Pt, Ni, Cr, and
Fe), but also pres.ai in s.gnificant quantities were bromine 2nd lead. As of ihis time, however, no
actual bromides have been found.

The results for the 210de were considerably different especialls in the areas around the abraded
spot. In these areas the b isic material was detected (Cr, Ni, and Fe) but more than this, bromine wzs
found in very high concer trations. Also present in significant quant.ties were iron bromide, lead,
lead bromide, and numberous hydrocarbons(e.g., C4Hy, C-,H” s C7lll3). A small trace of nickel
bromide was aiso present Lut this was extremely small as compared > the other bromides.

3. Analysis by Auger Spectrometry. Auger spectroscopy confirmed the presence of bromine on

the cathode and anode. Shots made at numerous places along the cathode revealed a uniform bromine
layer and small quantities of lead. The basic cathode materials were the same as those listed in the
analysis of a new tube (see page number 14). .

Ir: a2nalyzing the anode, emphasis was placed on the abraded spot. A thorough examination re-
vealed that less bromine was present on the spot than on areas closer to the longitudinal center of the
wire. Although this appears to conflict with the results of the spark source counter, the correlation
lies in the way the two different tubes failed. The tube analyzed by the spark source counter did
not totally fail prior to being removed from the experiment, however it had shown a considerable
degradation in performance. Since the halogen gas was not totally depleted, it continued to react with
the abraded spot and built up a cons.’erable deposit. Contrary to this, the tube examined by Auger
spectrometry, totally failed while remaining on vibrator. Thus the wire was continually rubbed clean
and therefore less bromine should be (and was) detectes on this spot than towards the longitudinal
center. . -

4. The Scanninq Electron Microprobc Analysis. The last surface anaiysis was made via the

scanning electron microprobe and again definite formations of bromine on the cathode and anode were
evident. Up to this time it had been suspected that the bromine was attacking the platinum surface

or the iron through the holes in the platinum layer. The microprobe results showed that the bromine
was always co-located with lead deposits and vise-versa. For the first time a definite combination for
surface attack on both the cathode and anode was confirmed (Pb Br). A sequence of photographs

showing a cross-section scan of ti.» various materials that make up the cathode walls are in Figs. 9,
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In each of the figures above, a line-scan was taken to find where the concentraticn of Pt, Ni,
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Fe, and Cr wzs Jocated. The inner surface of che cathode is just to the rigiit of the black vertical E
line. The remainder of the cathode goes off the picture to the right. As can b2 seen, Pt is the first

layer and then Ni. The remainder of the cathode is basically Cr-Fe,
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10, 11, and 12. -The other two figures (13 and 14)show a lead spo* and an x-ray scan for bromine
on that spot (the bromine is lccated in the brightest groups on the dark spot of lead).

Microprobe resuits -evealed that significant bromine attack oczurred on the anode. Howevcr,
contrary to spark source counter results, no lead

was detected. Recall tha when a new wire was

PR ey 4 g gl AP s » » -rn.::t:ﬂ’

analyzed, a thin uniform bromin: layer was pre-
sent; however, that analys.s was made using 10 i
KeV electrons. On the other hand, the scans made

for bromine on this wire utilized 30 KeV electrons,

which implies a more pen:trating bromine attack.

There was no uniform layer at this depth but ;

there were considerable arsas of attack (see L_
. S

Fig. 15). Although an abraded wire has not
yet been analyzed by this method, the arrange- Fig. 13. Lead Spot on Cathode

ments have been made to do so. Unfortunately,

r - M

the results were not available prior to the writing

of this paper.

a -

The question arises here as to where the lead

comes from and how it disperses itself through-

out the chamber. The total answer is not known,
but the only source of lead in the tuhe is from the
solder glass (which is basically a leac oxide). It was

forwarded that the lead contamination occurred dur-i

4

vy ‘41‘:‘

ing the curing cycle, and if this is true, lead should be

Fig. 14. x-ray Scan of the Lead Spot
(Fig. 13) for Bromine

tubes failed to reveal the presence of lead (see Table I). AR aabie b o hat it

present in new tubes. However, examinations of new

Therefore, this is not likely to be the mechanism by
which lead coptamination takes place. Another possi-
bility is that the lead is drawn out of the glass by a com- : J '

binaiiv:: of continuous heat and the increased electric

e ol SRR L TNNNS A Y Y drey i o A s Do o fee e A NP R PR AT P2 Ay ¥ e I L it Ve 1 0o Rl

flelds caused by the vibrations.

i
There is no doubt that at temperatures above i ]
|

100°C, lcad and lead oxides are attacked by bromine l .
e 0 b CUl S My e s B 0. Kot

(Ref 29:213). It appears that basic changes in materials Fig. 15. Bromine Attack on the Anode
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and design will be required if a truly “rugged™ detector is t» be built.

The last area in this results section is the analyses made on the ,;a; withit; the failed counter. Two
methods were used and will be discussed in the followirg sequence: Vet chemical gas analysis and mass
spectrometer analysis.

5. The Wet Chamical Gas Analvsis. The findings of the wet che.mical gas analysis are short, but

significant. In every failed detector, there was less than 1.0.¢gms of | alogen gas.

6. Tue Mass Spectrometer Gas Analvsis. The 21491 mass spect ometer was used for this analysis

and was equipped with a sample inlet system especially designed for ttis study. Several tubes from the
“field” were analyzed as well as one from this éxperimeni. ~The result. indicate that bromine, chlorine,
iodine, cyanogen bromide, and carbon dioxide were present in each of the tubes analyzed along with the
basic compositions of neon and argon. It was suspected that hydrocarbons would also be detected, since
they were found on the internal surfaces. However, none of the tubes analyzed contained detectabie
amounts of hydrocarbons.

Summary

As a result of these two experiments, the first two questions are satisfied: The tubes fail because
the halogen gas is depleted and this depletion is due te reactiorswith the internal surfaces. The impor-
tant factor though, is not that the bromine reacts with the surfaces, but which surfaces and how. These
questions are also answered i.e., the cawnode is attacked due to lead (cr lead oxide) deposits and the
anode because:

1. Its basic composition is rot halogen resistant, and

2. The abraded areas continue to reveal new surfaces for attack.

Thus the third question as to why the loss occurs is also answered.

The focus is now turned to the final question: Can the loss of halogen gas be reduced or eliminated?
By using halegen resistant materials capable of withstanding the aircraft environment, it is felt that the loss
of halcgen gas (through reactions) can be reduced 2nd/or eliminated. ,But three questions immediately
present themselves:

1. What halogen resistant materials can withstand high temperatares ( ~200°C)?

2. What effect wili these materials have o the detector’s efficiency?

3. What materials will be capable of withstanding the aircraft vibrations?

These questions require considerabie investigation in order to determine how the detector should be
changed. Thus the two supplementary experiments were performed. namely determuning the efficiency
of various cathode materials and dimensions and deiermining the ability of these matcrials to withstand

aircraft vibrations. It was expected that, the addition of these results to those gained from the environ-
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meutal experiments wot d constitute a solid foundation, from which recommendations for a truly
“rugged” G-M tube could be made. These supplementary experiments will be discussed in the order in

which they weie introdu ed (i.e., the efficiency and then the vibration test).

The Efficiency Experinu nt

Introduction. Tlu: study was undertaken to better understand the interrelationships of the variables
that enter into the efficicncy of a G-M tube (e.g., counter dimensions and materials). When discussing
efficiency two different +finitions are encountered. The first form deals with the probability that a
given. material . will emit.a1 electron, while being bombarded by some constant radiation field. The
second form is the probz»ility that this freed electron will initiate a discharge and be collected on the
anode. In almost all G-M counters, the second form is greater than 99 percent (Ref 16:27). Therefore,
only the first definition is dealt with in this experiment.

As was noted in the theory section, the efficiency of electron production is effected by the photon
energy, the cathode atomic number (Z) and the density of the traversed media. It was also conduded
that the greatest majority of the free electrons are generated in the cathode. In general, the higher
the atomic number, the greater is the probability of electron producticn. This is based upon the
primary mechanisms for electron production in the cathode (i.e., photoelectric and Compton effects).

The dependance of these effects upon Z and hy are expressed in their cross-sections by Price (Ref 25:25,

27), as:
. 5 -
T= 2% _
f (h*? | @
for the photoelectric effect and
0 =f|4—
(hv) | )

for the Compton effect. Therefore the ratio
T-fl 2¢
a .

(hv)?) @

shows a strong dependance on both the atomic number and the cnergy of the photon. The type of

material is also important when determining the optimum thickness for the cathode. Von . Gebauer
(Ref 31.138) found that the relationship between photon enzrgy. atornic number, and optimum thickness

obeys the equation:

_ 23(hv)"?2
d°P Z 114 cm )
24
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Thus, even Cwuzh no ont eguation is asxlable to daternine th: 2xact efficicnsy of 2 Ziven tube,
a very good indication ¢ be cained by simply 2xzmining the radiztion source and the catirode materiai.
However, more precise infe-mation is desired in order to d2termmine t:ade-off points for desizning the best
possible tubz. One examp ¢ of these 15282-0i7 points would be incresing the voiume-do-suriace ratio of
the tube. If efficiency is rot impeirad. thea 2 lzeger volume-tesurfz & —do would result in 2 proportionately
greater volume of “quenciuz” o2 wiEh enaiier amounts of “rexcting” surface (if 2 coastani 1ot2] pressure
is meintyied). Tits shouié raselt in 2 d2iecior wiih 2 lomger Fletime  Hence, efficizncy exp2itnenis
wese performes, md sincz ffidzncy is controilzd by the cathode dita nsions and materi2! (2tom:c number)
the expasintent wes-aubrd®s iad inro e 12as covaring e=th of theer 2 e in tem.

Prooedusss.

1. Effidency vs Cournter Dimznsicas. It would probably be mo & mzaninzfel (0 refer 1o this ex-

periment as 2 controlked stedy of efiiciency by vasyving tie serizce to whum? rtiv. Sincez he primary
factors in the surface 2nd volume formulss 25e diamezter and kengih esis were perioansd on whes howving
a variety of lengths and diz.paiers.

Both of these tests utilized: 250 curies of €137 2 3.1 mil nickel anode. 2nd Q.gzs. The cathods
was 4 inch copper tubing (in the first experiment) and the dizmelers ranged from 7/16 inch 10 17/16 inch.
The detector was operated as = Sow-throuzh cosater haviag entry and exit poris on opposite ¢ads of the
counter. With each new czthod2 amanzement: a complete platesu was taken and the time required to
accumulate 10% counts at some point on the plateau was recorded.

The second part of the surface-to-volume test was conducted in a sumilar manner excent the materisl
used was aluminum and its diameter was constant 2t 7/16 inch. The lengtlis were varied from two inckss
to seven inches ia one inch increments and the samc Jdata wathering processes were faflowed as Sedore.

2. Efficiency vs Cathode Materiuls. The second portion of the efficiency caperimen. dealt with

changes in cathode materials. The different maierials studied were: Ni. Pi-101r, Hasicilsy C-276. 302
stainless steei, copper, two different E-C coatings on glass, and aluminum. =i in four inch lengths. With
each ciihode material, the same anode and fill gas was used {i.e., 3.1 mil nickel and Q-gas) as before.
Three different sources were used in order to get an energy spread (Krss .C 5137. and Co 63}, and the same
data gathering icchniques were followed.

Results. From the surface-to-volume experiment it was found that the efficiency varies lincarly
with oot length and diameter as shown in Fig. 16 and 17.

The effects of changing cathode materials were not nearly so clear cut. However, once definite

result was that the efficiency is less atomic number dependent with higher ¥ engergies. This is ex-

emplified by the fact that there is very litile ditference in efficiency between all the materials tested
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when Co%0 v wsed. Contrzry 10 this. Pt-10Ir was more than twice s efficient as any of the other m: ter-
ials when szs o7 Csl:‘7 were used. Since KrS? & the source used in the zircraft, it appears that counter

destens <hould consiéer usiag 3 hizh Z materpi. provided it is non-cctwe with halogen gases.

Sunmmaty. This semmarny s sei i0sth to miber the rosuits which have been discussed to this
point bziore contimeng the discuesion:
1. The t=bes 200 2nd D3 See 2o 2 loss of halozsn £25.

-~

The loss of helozen 236 15 duz (0 reactions with the inner susfaces of the detector.

The reections 212 dee in pert. 0 the preseeos of Enpuriiies such 25 kead and ivdrocarbons.

12

4. Tt vinilons couse wom =iees on the pessivated znofes wisch ziso results in sienificant
hadlogen aneck.
3. The =2fficiency of 2 G-M couater variss iintzriy with i2s benzmth 2nd dixmeter.
6. The ef_'ﬁcimq’ is more Gepeadent upon cathods matersl whan lower energy souroes 212 wsed.
The total sofution, howeves. nust invoive a d2finiijon of:

1. Msicmals pot reactive with halogen g=ses.

2. Mazteriaks that vield high efiiciency.

3. Mazteriels that yield hish sirensth under vibration.

These f3ctors will b2 discussad next.

A deiailed t2bulation of materials properiizs as they relaiz 10 halozen attack is found in Appendix

B. From this analysis it is copcludad that “Elinvar Exira™ and possibly E-C coatzd giass couid be usad

as improvzd materiais. The last area 1o be considered is the vibrational characteristics of various materials.

The Vibration Experiment

Introduction. n the amalysis of the tzped engine wibrations. it was found that, if the fundamental

frequency of the anode could be raised above 2000 Hz, the major portions of the engine vibrational-

energy-input would be avoided. The fundamental frequency can be determined by the following equation:

'+ ke ©

where T is tension. ¢ is the unsupported length. p is the material .ensity. and A is the cross-sectional

area of the wire. As can be seen. the main factor is the unsupported length, however, if the length is

held constant, the ultimate tensil strength for a given wire dictates whether it can be used ¢r not.

This test was conducted to find what anode materials would physically be capable of enduring the

vibrations within the aircraft. Although there are many materials available, there are also many different

factors that must be satisfied such as: Halogen resistance. ultisiate tensil strength, and matching co-

efficients of expansion. As a matter of fact, one of the largest problems in modifying the present
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counter design, is matci’s g the expansion coefficizcats. In this endeavor, = maximum acceptable deviation,
is 2.0 x 109/°C. for all the counter materials. Therefore, even though this experiment deals only in

the vibiational characterisiics for the anode. it necessitatzd a detziled studv of many difierent materials
for use as; cathodes. x> 25, insulators. and sealants.

This study revealzd chat the miost halosen resistant matesial at hizh temperatures. is nickel (Ref 29:682).
Howzver, there are oiheis that can 3 used 2ad so the {ollowing materials were tested: 304 hard stzinless
steel, Pi-100r, Pr-10Rd. Elinwar Exira. Hastzlloy C-276 . Ni. 2ad Ni-2Bz.  Details of cossposition, ultimatz
tensil strengtl:. dendty, cox fficiznt of expansion 2nd healozen resistance 2re contzined in Appendix B.

Proocdures.  This e-.periment consssied of testing the various wires 2t many different tensions up
to and indueding thir ulti :ate tensd sireasihs. The kensths of 21l the wires were constaat 2t 238 inches
but the cross sectional are: depended upon e individu2l wite semple (this varied from 5-30 milks).

With each somple 2nd tensT streasth, the fundamenial froquency was recorded.  Afier several readings
were taken 2i different tensil strengths, an eadurance test was conducted. The endurance test consisied
of vibsating the given wire { at a constant kengih) at f; undil the wire fziled or it atizined 108 cvekes.
It was felt that if the wirz endured IOs cveles at f 1 then for this configuration, the wire would mech-
anically last indefinitely.

Results Tensil tests showed that every material, except 303 ~“fuli hard™ siainless steed, failed a1 a
tensi strength well below their rated-ultimate 12nsil strengths. This could have been cauced by side loading
stresses being plzced on the wire by the mountings. or a defect in the wire material. The highest fundamental
frequency recorded in the vibration experiment was 3386 Hz by the stainless steel s2mple but unfc riunately.
the halogen resistance of 304 stainless st2el is poor. The primary purpose in testing it, though, was for
use as a comparison. Both the platinum alloy wires, were 100 soft, and siretched beyond all practical use
during the vibrations. Of all the halogen resistant materals tested, a preferential listing (according to their
viorational characteristics) would be:  Nickel-bervllium, Hastelloy C-276, Elinvar Extra, nickel and then the
platirum alloys. Details of these materials and a comparison of calculated verses actual f;’s are contained in

Tabic IV in Appendix B.

Summary

This section completes the discussion of the experimental portions of this thesis A review of exactly
what the desired goals were and what has been accomplished toward those goals is given below.

The goals were listed in the introduction as the following questions: '

1. Do the aircraft G-M tubes age and fail because the halogen gas is being depleted?

2. If so, where docs the loss of halogen gas occur?

3. Why does this loss occur?
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4. Can this loss bs reduced or eliminated?

In answer, the following <tatements aze made:
1. Yes, the aircraft 3-M tubes do age and fail becuase the hal:-gen gas is being depleted.

2. This loss oocurs due to reactions with both the anode ard :he cathode.

3. This loss occurs .n genersl because of: Poor materials (ancde and sealing glass), impurities
within the chami er (i2ad and hydrocarbons). and poor vi>: xlic.mal design.

4. Since thc_losscs zee due, for the most part. to materials, eqipment and dasign, is it felt
that thesz losses -an be at lzast reduced, if not totally elimi rated.

This paves the way Tor the final section of thisthesis:  Conclusions aad Recommendations.

28
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V. Conclusions and Recommerdations

The previous portions of this thesis have been dedicated to expeiimentally determining why and
how the aircraft G-M tubes fail so rapidly. Cenciserable information nas been gathered and analyzed
so that this final section can forvard conclusions and recommendatiors based on solid facts. Thus the

last portions of this thesis are. in essence, the “fruits-of Jabor™.

Cuaclusions

There are 2 number of conclusions that can be drawn from this study. These conclusions are
divided into two groups as were the experimental tests. That is, conclisions will be drawn first from
the environmental, and then from the supplementary experiments.

Fron: the Environmental Expzariments. These conclusions are ccacerned primarily with the aging

phenomena, causes for the detector failure, and the effects of different modes of operation and are

numerically listed for simplicity and completeness.

1. The detectors age and fail in accordance with known aging phenomena. That is, V decreases
with age, the plateau starts and ends at lower voltages and its slope increases with age, and
oscillations are detected when the halogen content is very small.

2. The detectors fail because the halogen gas is depleted.

3. This loss is due to reactions with the cathode and anode.

4. These reactions are caused by: Impurities in the G-M tube, use of materials that give rise to

impurities, and materials that are not basically halogen resistant.

5. The rate of these reactions is increased by the abrasions cn the anode caused by the vibrations.

6. The use of a pulse heitht controller reduces this rate by allowing less charge (and hence, less
active species o be generated per pulse.
7. The pulse height controller increases the lifetime of a detector at Ieast by a factor of two.

From the Supplementary Experiments.  This sub-section sets forth conclusions concerning

efficiency and vibrations of various counter materials and dimensions. Again, the conclusions are
numerically listed.
1. Detector cfficiency varies lincarly with length and diameter (or with the surface area).
2. Efficiency is atomic-number-dependent primarily at low energies.
3. Low efficiency can be compensated for, by using larger and stronger sources or larger surface
area detectors.

4. In order to achieve fy’s greater than 2000 He, shorter anode lengths ( A3") are necessary.
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5. In order to prerent anode abrasions, wider insulators are required, because the fundamental
frequencies cannot be increased (under present counter design) and thus the amplitudes

cannot be reduced.
The next steip is to fuo 21d recommendstions which will satisfy the final goals of this thesis: To

modify the presaat detectoer in order to yield a longer life andfor to davelep a truly *“rugged™, long

life G-M tube.

Recommendations

The-problems cause:! by-ihe shozt.Jifatimes-of -the aircraft G-M tubes, are very pressing and immediate
remedies are required. H wever, the truly “rugged™ long life G-M tube will require further studies and
so this section is divided iito three sub-sections: Immediate modifications. interim changes and re-
commendations.for further investigation.

Before continuting, ihere is one general recommendation which reguires no change in the present
system, yet it will (at the verv minimum) double any detectors life time: The use of the pulse height
controller. The use of this circuit is recommended regardless of what G-M tube design is utilized.

Immediate Modifjcations. The recommendations forwarded here will require a minimu. of detector

changes in order to achieve the maximum in lifstime extensions. The recommendations are listed and
discussed as follows:

1. Replace the anode with a more halogen resistant material.

2. Iacrease the internal diameter of the insulators, so that anode abrasions will be reduced.

3. Investigaie the materials, equipment, and procedures used in detector production.

The various surface analyses prove that considerable amount of bromine is absorbed on the 17-7

PH anode wire and, therefore, it should be replaced. Elinvar Extra is recommended because it has a
high nickel contznt (43 percent) and high nickel alloys are known for their halogen resistance. Another
reason for reccommending Elinvar Extra is that its cocfficient of expansion matches the other materials
presently used.

The anode abrasion problem can be reduced by several methods, but increasing the internal
diameter of tlie forsterite insulators requires the least amount of detector modification.

The presence of impurities (hydrocarbons and lead) on the counter surfaces, implies that in-
sufficient care is being exercised in the selection and processing of the various materials used in the
detcctor. As stated before, the only known source of lead, inside the tube, is from the glass solder, and
the hydrocarbons most commonly arise from dirty vacuum systems or improperly trapped diffusion pumps.

It is strongly felt that sn investigation into the materials, equipment, and procedures, used in detector
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production, is warrented and necessary.

Utilizing these reccmmendations. combined with the lifetime extension of the pulse height con-
troller, the minimurs time between failure should be increased to “v 1000 hours or more.

Interim Changes. ~“he recommendations of this section wil! . :quire basic changes in the counter
dimensions and thus reavires more time to implement. Alse, these recommendations assume that the
suggestions from the previ yus section have been adopted. With this n mind the following two re.
commendations are made .nd explzined:

1. Increase the dete :tors volunmc-to-suriace ratio, and

2. Decrease the det--ctors overall length.

As was noted in the introcuction to the efficiency exr~:Lnent,an increzsed volume -to-surface ratio

means that more quenchin} gas i- svauable 1o react with a proportic rately smaller surface area. There-

S AT ATLCANAV VY oot DA A U2 AT 1008 £ B AR

fore, even if the present materials were used, a longar lifetime should be gained. However, the best

Ll

method of increasing the voleme-to-surface ratio is to increase the diameter of the cathode. Thus there
is more room in which a iarger insulator could be used and if se, this will reduce the possibility of anode
abrasion. .

The second recommendation calls for a reduction in both the cathode and anode lengths. This
will cause the anodes’ f; to increase and its amplitude to deciease. The increased £ will help reduce
fatiguing in the anode, since the enzrgy inputs of the engine decrease at frequencies above 1000 Hz.

The decreased amplitude has two beneficial effects: It insures against abrasion and it will reduce the
number of large pulses caused by the vibrations. There is one detrimental effect in reducing the cathode
length and that is a lower detector efficiency. However, since the diameter was increased (in the previous
suggestion) it is felt that the same efficiency can be achieved. These recommendations, along with the
previous suggestions, should yield a detector with a lifetime of 2000 hours or more.

Recommendations for Further Study. The previous two sub-sections have been concerned with

modifying the present detector. However, because the basic materials used are not b.ghly halogen inert,

they can never be combined to yield the ultimate long-life detector. Although an unlimited lifetime is

not considered feasible, lifetimes in excess of 6000 hours have been recorded by using materials totally

inert to haloge; attack (Ref 3:1202). Thus, it is felt that with further investigation, materials can be ‘
. found and procedures formulated, that will yield a G-M tube capable of existing .a the aircraft environ-

ment for periods exceeding 3000 hours.

It is the purpose of this section to forward recommendations for further investigation and experi-

mentation in order that this truly long lifc G-M tube can be developed. In order to cover this topic
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completely, these recommendations are divided into the four p:imary components of the G-M tube:

1. The cathode,

2. The anode,

3. The insulators, and

4. The sealanis.

Suggestions for eaci area are made and then discussed in the same seque 1ce.

The first item recommended for further study is the cathode. It apears that the most significant
problems can be remedied by using materials tctally resistant to haloger attack. However, there are
other contributing factors that must be considered, of which efficiency nd expansion coefficients are
two. Some materials which indicate promise are:

1. Thin-walled Pt-Ir tubing contained within a rtronger and more *vorkable cylinder (e.g., glass or

stainles's steel),

2. EL (Sn0,) coated glass, and

3. Pure nickel cr high nickel alloys.

These three recommendations are listed in order of preference. The platinum-iridium tube is inert to
halogens and also yields the highest efficiency. However, construction probiems are the largest drawbacks
and must be investigated.

The E-C coated glass is also totally inert to halogen gas, but it is lower in efficiency than Pt-Ir.
However, E-C coated glass is considerably more workable than Pt-Ir and possibly a larger cathode could
be used to compensate for its efficiency.

Nickel is the least preferred, since little is known about it. Theoretical studies indicate that it is
halogen resistant, and its efficiency is better than tesied samples of E-C coated glass. However, its ex-
pansion coefficient is 13 x 10'6/°C, which is much greater than glass sealants or forsterite insulators
(90x 10'6/°C). It is hoped that the expansion coefficient problems will be solved, then materials
sucht as Ni will offer additiona! possitilities. !

The anode is the second component to be considered. With the anode, it is extremely important
to match: Halogen resistance , vibrational strengih, aiid expansion coefficients. Again a preferential
list of possibilities is made and each will be discussed in the order presented:

1. Nickel-beryllium,

2. E-C(Sn O,) coated glass wire, and

3. Small diameter (5 mil) Pt-Ir wire wound around a small glass cylinder.

32
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The Ni-Be wire has outstanding strength and since it is composed of 98 percent Ni, it should be

highly resistant tc halogen attack. however this must be verified. The primary objection to this

material, is the same as fur a Ni cathode [i.e., its expansion coefficient is high (14 x 10'6/°C)] .

IRIA MY MO SR Y TR IO Yoy
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As stated before, t'i¢ E-C coated glass is highly resistant to halogen attack, but little is knowa cf
its vibrational characteris izs. Before this material could be recommended for use, these vibrational
characteristics must be &i termined. Another factor (which may or may not be a problem) is that the
mininum diameter this wire can be drawn to, is 40 mils and thus some increase in Vs, may be
noted.

“The last suggested anode is the use of a glass rod wrapped with Pt-Ir wire. The advantage is the

combination of truly halczen resistant and vibration resistant materiais. There are some unknowns

PR VPV PR VRN TON

though, such as: How is he efficiency and operation of the detector affected by this anods configuration

PR T

and wiil the glass cylinder actually withstand aircraft vibrztions. Again this suggestion cannot be utilized

until these questions are answered.

Although there are several other materials available for use as cathodes and anodes, t is feit at
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those presented show the most promise. Cosnsiderable effort is required, however, to prove their utility.
The third area of recommended study deals with insulators. Here unfortunately, there is little

from which to choose. As a matter of fact, the only choice readily available is glass. Actually, this

recommendation calls for the entire counter to be made from glass, utilizing an internal cathode
constructeé of Pt-Ir, Ni, or E-C coatings. One step in the problem of matching expansion coefficients i
can be avoided by eliminating the forsterite insulators. However, this requires a study of new designs,
and then their construction and testing prior to drawing any firm conclusions. Even though this is
fairly complex, it does offer some very good possibilities and further investigations should be made.
The last area recommended for further study is detector sealants. The purpose of these sealants
is to “seal” the gaps between all the different counter materials. Thus, one of its primary factors is to
have an expansion coefficient comparable to metals. Up to the present, the only available materials
were glass solders. However, in order to give glass the required high expansion coefficient, it must
have a high lead content. As shown by the surfaces analyses, the lead results in bromine attack; there-
fore, it is strongly recomended that this form of scaling be replaced. One strong candidate for this
purpose is epoxy. Epo-Tek Incorporated (Ref 8:) manufactures a wide variety of epoxies capable of
sealing at low pressures (10'7 torr) and high temperatures (190°C) and not outgas appreciably. The .

sheer strength, glass-to-metal adhesiveness, and sealing abiiity of epoxy add to its attractiveness as a

basic component of G-M tubes. The only unknown characteristic of epoxy is its halogen resistance,

and this will have to be determined prior to being given any serious consideration. However, if epoxy
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is halogen resistany, it eli:uinates the expansion coefficient problems ind “opens-the-door™ to a wide
variety of materials. Because of its strength and versatility, it has a wide range of possible uses, such as:

1. Supports for the .:node wire,

2. Insulators (non-conductive epoxy),
3. Electrical contacts {conductive epoxy), and

4. General sealants.

With these suggested areas « f study, the final segments of this thesis are brought to a close. Even though

the ultimate design for the serfect G-M tube has not yet been found, he foundation and framework

HIANRER LA

for future efforts has been issembled. The study and testing that rem ain, although extensive, will almost

assuredly result in the final preduct: A truly lonelife “rugged” G-M tube.
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Theorv of G-M Couater Ogeration

The theory of radia fon counters has bezn studied extensively. Rose. Korff, Present, Lichson, Curran,
Craggs, Friedman, Locb. =nd 1 number of others are responsible tor the development of the fundamental
theory, and their works : re used. in part. for this paper. -

The Geizer-Muller ccunter is one form of a gas filled radiation eiector (fonization chambers and
proportional couniers are -ithers) used to detect and count fonizing »vents caused by incident a8 ,7 ,
and Jor x-radiation. Thesz counts then give a relative measure of the radiation field strength in the vicinity
of the detector. Of varticalar interest in this study are the particles from erSL;T.\,om MeV, (maximum),
7 = 054 MeV] and C 137 [fnf.52 MeV (maximum), v = 0.66 MeV] since K33 is the scurce veed o
US:\F 2iicraft oil-quantity indicating systems and CSB7 is the source used in most of the experiments
described in this thesis.

Although G-M tubes can be made in a variety of geometrical shapes and sizes, the most common
design is that of two concentric cylinders. The inner cyvlinder is called the anode and is maintained at a
positive potential with respect to the outer cylinder or cathode. The space between the anode and
cathede is filled with gas or gas mixture. The pressure within the tube may vary, depending upon the
use for which the tube is designed: e.g., on USAF aircraft, the mixture is composed of necn-argon and
halogen gas at an internal pressure of 350400 torr.

In order to detect incident radiation, two major components are required: A counter and an
electronic sensing circuit, Fig. 2 (page 1) represents a fundamental circuit composed of H.V. source,
sensing resistance, capacitance. and counter (also a load resistor which is optional).

G-M counters may be either self-quenched, wherein plasma andfor passive gascous phenomena are
used to extinguish the discharge, or externally quenched. Although the use of external circuitry is a
fairfly efficient means of quenching, it is not presently used on USAF aircraft and thus will not be a
major subject of this report. In explaining the electronics, it is sufficient to noté that the circuit rapidly
lowers the voltage to below starting voltage immediately after an ionizing ~vent cccurs and then incieases
the potential back to the original level until another event takes place.

The self-quenching G-M counters generally use either polyatomic vapors or diatomic (halogen) )
gases, as quenching agents. The main disadvantage of a polyatomic molecule is that during the
quenching action it dissociates into atoms that rearely recombine into the same molecule. Evcr.: though
the polyatomic molecuie can dissociate into further discharge quenching vapors, it eventually depletes it-

self causing the tube to go into continuous discharge. On the other hand, the halogen molecule disso-
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ciate; into two atoms upon its neutralization at the cathode. Since these atoms will eventually recombii:e, the

halogzn gas is never depleted. This is true. however. only if the dissixciated molecule does not react with

the surfaces of the chamber. The {ect that the dissociated species are highly reactive, presents 3 serious

S Y TR Tt Ty TP

= ‘ problem and the connicr materials must be chosen with extreme caution for this reason.

it <hould be noted that no radiation can be detected unless an -:lectron is formed within the

sznsitive volume of the chamber. There are three ways in which elec:rons may be formed within the

counter:
1. By direct photoelectric interaction: in the gas or the photo ef ect in the cathode wall, and sub-
sequent migration of the photo clectron into the sersitive vo ume.
2. By the Compton effect in the gas or cathode wall and then -he subsequent aigration of the

Compto." electron intc the sensitive volume.

3. By pair production and the subsequent migration of the electzon into the sensitive volume. :
3 Each of the processes is a function of the photon (y ray) energy, fill gas, wall thickness, and wall

material, and the probability of such a process occuring is generally i uch less than unity. As a result,

o rtwanled Sl

the efficiency of most G-M counters in detecting radiation is small (Ref 15:187).

In the remaining two phenom:=non, the probability of electron production is much more likely

in the cathode wall than in the gas simply because of density and collision cross section considerations.

Compton effect und/ or photoelectric effect in the wzll are both dependent upon photon energy and

g
:%:
g

2 for different materials. For example, the electrons produced by a 0.6 MeV photon in Cu (Z=29) will

the wall mzerial i.e., for a given photon energy, the ratio of photoelectric to Compton events will vary

£

be by 98 percent Compton and only 2 percent photoelectric. Whereas cicctrons produced from Pb (Z=82)
by the same photon will be by 58 percent Compton and 42 percent photoelectric. Hence, there is a
definite dependence upon atomic number (see “The Efficiency Experiment” section for detailed discussion).
Once an electron has been formed within or has migrated into the chamber, the electron is sub-
jected to the electric field be}ween the two concentric cylinders. Thjs field varies according to the follow-

ing relation:

- . E = _V_
FinTe ™
qQ
. where 1, radius of cathode and r, radius of anode such that r(Kry, V is the applied voltage. This means

that the electron will drift toward tire anode wire and its Kinetic energy will increase between successive
collisions, If V is equal to or greater than the threshold or starting potential (V s\ of the counter, then
the clecton will eventually possess sufficient kinetic energy to produce jonxirs upon collision with neutral

gas molccules. The negative 1on will travel toward the cathode. The electrons thus produced, also drif.
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toward the anode in the § -iicld, creating additicnal jon-pairs. The process continues and eventually
reslts in 2 cascad.: or Towns2i:d avalanche.

The avalanc2 begins approximately 5 wire radii (Ref 33:170) out from the cylinder acis
and :nen spreads pyran.ic iy towards the anode wire. The base of thus pyramidal form is located along
the anode and is approxiz.:ztelv 0.0 cm long (Ref 33:170). The dischargz then travels down the anode
wire by successive avalanc. es. The means by which additional avalanches are formed was for a time un-
explained. however, the pr mary process has gzaerally been considered to be that of cumulative exitation
coupled with photon trzns,:ort. When the initial avalanche cocurs. species excited in the process emit
photons within a wide ene.gy range, and although this radiation is not of sufficient intensity to jonize
another atom or moiecule Hf th.: same species, it could jonize a spacies of tower ionization potential.
Halogen quenched G-M twt s contain neon, argon and chlorine or bromine. According to A.L. Ward and
A. D. Krumbein (Ref 32:3°5), the halogens do not appreciably absorb the photons responsible for the
discharge spread. This then leaves only argon. However, the percentage of argon is so very small
(0.1 percent) that it is unlikely to be responsible for the discharge spread. Therefore, it appears that
a stepwise collisional exitation, coupled with absorption in the neon carrving gas is the most likely means
by which the discharge spreads along the anode wire.

Each successive avalanche probably overlaps its predecesser somewhat, but the overall discharge is
carried further down the anode wire until the entirc length has been covered. The velocity of the spread
has been measured by several observers and all seem to agree that the velocity is approximately 107 cmfsec
(Ref 33:192, Ref 15:179).

It should be noted that if the initial avalancles formed at some poiat other than one end of the
wire, then the discharge will progress in both directions at the same velocity until the entire wire is
covered

As the discharge forms and traverses the anode length, the electrons are collected on the anode
leaving a positive-ion sheath f9nned around the anode wire. The movement of this sheath is essential to
the discussion of the counter operation. As the sheath forms, it reduces the electric field in the vicinity
of the anode. This reduction is sufficient to prevent any further ionizing event: within it and thus mom-
entarily quencﬁcs the discharge. Because the sheath is composed of positive ions, it will travel radially
outward to bc collected on the cathode. As it travels, the ficld between it and the wire will increase
until such time as another ionizing event can take place and be detected. This elapsed time is known as
the dead-time and corresponds © the distance the sheath has moved (in the dead-time), called the critical

radius (r,).
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Even thousk the formation of the positive-don sheath inomen arily quenches the discharge, there arz
still many highly enerser’c species present within the counter which could re-initiate the ionizing process
and thus give spurious cc mts. Because of this, these enesgetic sp2c es must be quenched. This is
accomplished in two ways: internally and externally.

Internally the discirarze is gueached by two mechanisms , the formation and movement of the
positive-ion-sheath, as dis ussed zbove, and by the interactions of tr 2 gas within the tube. During the
discharge, the metastable .tates of necn are readily excited and if al'owed to exist in this state, would
eventually radiate enougl energy to re-initiate the discharge. Howen :r, since argon, bromine, and chlorine
all have jonization potent als lower than the neon metastable statc e 1ergy. a collision between a ncon
metastable atom and argo., bromine or chlorine molecule, wouid iii 2ffect, neutralize the metastable
state of the neon molecule.

The collision between a neon metastable atom and an argon ncatral molecule will produce an argon
fon which will then proceed toward tne cathode. The collisicn between the neon n.etastable atom and
the halogen molecule will neutralize the metastable atom and ionize the halogen molecule. In tum, the
jonized halogen molecule will proceec vit to the cathode where it will be neutralized by absorbing an
electron from the wall. The argon ions that are formed by the collision with neon metastables will
collide with the halogen molecules and ionize them. The argon ion will be neutralized into an argon
molecule and the ionized halogen atom molecule will be neutralized at the cathode.

Upon neutralization, the halogen melecule will dissociate into two highly energetic atoms that will
eventually recombine to form a neutral halogen molecule if there is no interim reaction with counter
surfaces. Because of the reactivity of most materials with halogen gases. thv common cathode metals
cannot be used without surface proicction. The materials most used in halcgen counters are stainless
steel, tantalum, and treated glass. One method of giving these surfaces added resistance to attack is
passivation which entails elevating the temperature of the counter wiih the halogen gas inside. This
process builds up a halide layer on the surface, consequently reducing its reactivity. Although passi-
vation “works”, any action which would cause the layer to “flake-off” or rearrange its crystaline lattice
could then expose the unpassivated surfaces below and a halogen reaction would again take place. Another
method of pro—tccting the surface involves electroplating or sputtering with non-reactive metals such as

platinum or platinum-iridium. Although Pt-Ir is very halogen resistant, cven at elevated temperatures,
plating/sputtering is difficult and guite expensive. In addition, platings/sputterings are exceedingly hard
to put on smoothly and almost impossible to keep from forming small pinholes in the surface, Further,
these preparations require considerable time. It would appear that the use of non-reactive suifaces for

the entire counter would be the most logical solution and this is one of the main arcas of this study.
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Other complications which enter into the proviem include the efficicncy of the cathode material and its

ability to withstznd high temperatures and vibrations.

A,

Externally, the discharge can be extinguished by using the afore.aentioned quenching circuit. But
since this is not employved on USAF aircraft, it will not be covered Lere. However, the impedance of
. the sensing circuit 1s directly reiated to thz guenching ability of the counter. A simple experiment was

performed in which a counter was cperated in a circuit with “zero™ in-pedance. The result was that

the counter began operating normally at V, and the internal quenchin; ability was sufficient to quench

LA LRI LT Y R TR LN S L PR Pt X B X UL T PR T TS T

the discharge up to a certain voltage [critical voltage (V )]. Once V as reached, two distinct pulse

shapes were detected: A small pulse, which was the typical pulse not«d below V , and a much larger

pulse which was detected upon reaching V.. The small pulses significc the discharges quenched by the

internal mechanisms and the large pulses were found to be quenched ty the internal mechanisms and

the large pulses were found to be quenched by a combination of circuit impedance and internal mech-
E anisms. In the low impedance circuit at Vc + ~10 volts, the counter would go into continuous dis-

charge. It was found that by increasing the circuit impedance, a greater amount of voltage could be 3

f

applied prior to going into continuous discharge. This gave the counter a longer operating voltage

(iidadiria

span, or plateau. With this in mind, an additional resistance [load resistor (Ry)] was placed in series :

T TETRrD

immediately begind the counter. The load resistance increases the circuit impedance and thus the oper-

Y,

ating range of the counter. Another simple experiment was performed to determire the optimum ,

position for Ry . It was found that the advantageous effect of Ry was decreased as it was moved

N A

further from the G-M tube. Therefore, for the maximum beneficial results, the load resistance should

Lo XS R

“ be as close as possible to the counter. Another result of this experiment indicated that the size of
Ry is not as important as its presence or its position. Thus a resistance of 1.0 M2 would have the same ‘
basic effect as a 5.0 MAL . It was also noted that Ry would increase the count-ratz, for any given i

counter, at least for the initial portion of the plateau.

If an oscilloscope were used to depict the pulse pattern observeti from a G-M tube through a

sensing circuit, it might look like Fig. 19. As the counter breaks down into discharge, it produces the

fast rise in the pulse. This is due to the ionization within the chamber and the collection of the charge

(clectrens) on the anode. The pulse height then tapers off and returns to zero volts as a function of :
the RC iime constant of the sensing circuit. Each pulse thus formed constitutes a count. It is ‘
significant to discuss the decaying portion of the pulse, since the speed with which the tube returns to

§ normal is a measure of the speed at which the tube can cournt. To do this, two definitions are needed:

: The dead time and the recovery time. The dead time was stated earlier as the time it takes for a counter
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to recover 1o the poin: at which another pulse could be detected and the recovery time is the time

elapsed between initial pulse and the next
pulse of full amplitude.

These definitiess ar2 easier to under-

VOLTS

stand by the us® of Fig 19. As can be
seen, the first pulse is u dicative of the tube
as it operates from a no mal condition, dis-

charges, ard then return: to normal. After

__NEGA

the first pulse 21 befor: the tube can re- '

. v
turn to nomal, a seconc small pulse can be

detected. This comespor ds to another ion- Fig. 18. Oscilloscope Displayed Geiger Pulse
izing event, but since the tube has not returned
to normal, the field in the vicinity of the wire

is lower and thus, the small pulse . As the tube

continues to return to normal operating voi-

- oO<

tage, the pulses grow until finally another
pulse is detected that has the same height as
the first pulse. The time between the first and
second pulses in Fig, 19 is the “dead-time”. The TIME

time between the first and the last pulse is the Fig. 19. Dead Time and Recovery Time(Ref 5:68)

“re covery -time”,
An alternate way of describing these events is by the movement of the positive ion sheath. The

movement of the sheath was discussed before but its relation to the detected pulse was not stressed.

When the discharge takes place and the electrons are collected on the wire, a positive ion sheath surrounds

the wire. Because of its closeness to the wire, the electric field is reduced to the point where no ava-

N . 2 AT
o SR 18 AR AR GSTA LD 3{{&my#nmsrymy.mnbhm&

P gty P babon i YNBSS ¢ s
e TE DR o S 8 BT BRI e a3 S DI

lanche can be initiated and thus, no discharge can occur. As this sheath begins to move radially oui-
ward toward the cathode, the electric ficld around the wire increases. When the sheath has progressed
far enough so_ that an avalanche could f>rm, then a small pulse could be detected. This distance that
the sheath has moved was referred to earlier as the cntical radius and the time from the first pulse
until I, is reached was noted as the dead-time. As the sheath continues to move outward, the ficld

continues to increase and the detected pulses alsc grow in height for each successive iomzing event.

Once the sheath has traveled to the cathode wall and has been neutralized, the pulse will have returned

42

. —————

Dk i uktidd
- - , - sre s, .
rors




(¥

ot 441

BRI e s

vy
N

XL AL

T

PR

P 2N L A

Do

»
X SNV FET A EY TR N SO B

P
2N

-

i\ g

GEP/PH/72-14

to its maximum zmplitude (see Fig. 19). The time lapse between tf 2 first pulse and neutralization of
the ion sheath at the cathode is calied the recovery time of the counter. In the counters under present
investigation, the dead tisres are V8090, s¢c and the recovery time: are 100-300.usec. This compares
favorably with literature (Ref 15:133). Although ihese times can v ry depending upon the gases used
within the counter and ths applied voltage. In general, the heavier .he- gas, the greater the dead and re-
covery times. This, in tur., corresponds to the mobility of the ions of the respective gases.

The las: portion of tie theory is concerned with the dependen-e of Vg on the counter variable.

The factors that most 2ffe -t the starting voitage of C-M tubzs are; to al pressure within the counter,
percent of halogen gas (ha ogen quenched tubes). the radius of the anode (r,) and the radius of the
cathode (r,). The inter-rlationships of these iactors can be quite ir tricate and depend significantly

on whether a halogen or polyatimic gas is being used as the quencher. The total pressure within the
counter has the’same effect regardless of the type of gases used i.e., increasing pressure yields an increase
in Vg. This is a nearly linear relationship which has been experimentally plotted 'y several observers
(Ref 33:179, Ref 19:306).

While both the anode and cathode radii effect VS, the anode radius is })y far the dominant factor.
However, when dealing with halogen counters, radii from 5 mil to 40 mil have negligible effect on V
(Ref 19:304). The reason for this appears to be in the lower ionization cross section in halogen counters
as opposed to organically filled counters. Also, the mean free path in halogen counters is longer by a
factor of 100 (Ref 16:49). Thus the electron will gain sufficient energy to ionize at appreciable dis-
tances from the anode. Since there is no point in makeing the wire diameter less than one free path
length, a larger anode may be used.

The last variable that must be considered is the percentsee of halogen gas in the mixture. The
eifect of varying the percentage of halogen gas was first studied by Lichson and Friedman (Ref 19:304).
Frrm therr work, the aging characteristics of halogen ccunters zan be deduced. In essence, the restlt
of the dissnciated atoms of halogen molecules reacting with the internal counter surfaces causes » re-
duction in haiogen content within the chamber. This reduction was found to be accompanied by a
drop in V. Although there would aiso be a reduction in overall counter pressure, the halogen gas com-
poses only about S tort in a 3 cubic centimeter tube, whose overall pressure is 350 torr. A loss or
gain in this small amount would be negligible unless there is a much stronger relationship. Graphs of

V, versus halogen content can be found in the works of Ward and Xrumbein (Ref 32:349), and Licbson

and Friedman (Ref 19:304).

A relationship exists between halogen gases and argon which is very important when attempting
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Fig. 20. Nomograph for obtaining normalized starting potential (Vn) for a neon-chlorine counter. To
obtain V,, for given values of total pressure. anode radius and chlorine percep age, a straight line is first
drawn between the desired pressure (p) and the wire radius ( r,). From the intersection of this line with
the unmarked vertical line, a straight fine is drawn to the chlorine percentage line, The intersectinn of
this last line and the V,, column gives the normahzed starting potential (Ref 32:344),
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to adjust V.. We have scen that with the overall chamber pr:ssure held constant and increasing the
halogen content will result in an increased Vs (and vise-versa). Howc_ve.r, if *.!:.:; overall pressure is held
constant and the argon content is increased, no variation in Vy is nou: 4, tud an increased ability to
quench the metastable states of neon has been gained. T1herefore, m: intaining a constant overall pressure
and increasing the argon content while aecreasing the halogen conten. will result in a lower operating
potential for the counter. However, at very low halogen content, cor tinuous oscillations have been
observed. Since these have been described as critical metastable state quenching/non-quenching phenomena
(Ref 28:41), it is essential to proper counter operation to have vary precise measurements of the gaseous
wixtur>.

Many authors have attempted to predict V for a given counter without resorting to experiments.
At best, this has met with limited success. Probably the greatest success was attained by Ward and

Krumbein (Ref 32:344). By proving that the Lanterjung equation:

109 Ea -b-+ loa(cud%)

where V,, = normalized sterting potential

@®

__V
‘n= Infe ©)

and where a, b, and d, are constants (% = amount of orggnic quench gas) held not only for organically
quenched counters, but also for halogen counters, they were able to construct the nomograph in Fig. 20.
This relates the V to overall pressure, percentege of chlorine and the radius of the anode. This can be
expanded to apply to a variety of anode radii (40mils without any real loss in effectiveness since Vy

is not strongly dependent upon r,,.

Another factor that has been used to interrelate the varicus counter variables is the gas multipli-
cation (A,). This is defined as the average number of electrons reaching the anode per electron lib-
erated in the initial ionizing event. Originally, il was postulated by Rossi and Staub (Ref 26:73, 74,
and 77) that any equation that related the gas multiplication factor to the counter variables, had to

satisfy the condition

A f(P AR Vb) (10)

where p is the tube pressure, Vg = applied voltage, r, and 'b are the anode and cathode radii respectively.

After many revisions Diethorn (Ref 6:6628) derived the most successful relationship, which is:
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InA,= Veln?2 In Y/ .
AVlni’_b KPKQ ln_i 11
£ fa
In this formula, two nc. constants are introduced: AV and K. AV is the potential difference through

which an electro': drops oztween successive ionizing events. The electrons that are being referred to

here, are the ones that ar ejected into the sensitive volume either by the photoelectric effect or
Compton effect in the ca hode wall. K is the value of the reduced electric field where multiplication
begins (K = _E;;’_). In o-her words, for a given counter and gas at some constant pressure there exists

a critical value for the electrical field (E) below which ionizing events cannot occur. This equation
solved many of the problems that were present in theory prior to Diethom, but aiong with this solution
came the complication of determining AV and K for a particular counter and gas mixture. Although a
total solution h;as never been found, much work has been performed by R. W. Kiser and associates

(Ref 23:4148; Ref 28: 387-396). Dr. Kiser (Ref 14:198) found that these two constants were related to

the ionization cross-section of 75 volt electrons by the following equation:

- =17 K
7502‘8-"(’0 AV (12)

Several values of the cross-section of 75 volt electrons are contained in Ref 17:6130,but K and AV
remain essentially unknown.

Dr. Kiser also found that AV was related to the cne:gy necessary to createan ion pair (W) in a
given mixture and also to the percentage of cischarge propagation due to Townsend avalanches (%T ).
This is expressed as:

2T=100A ")
1)

In the G-M region around Vi, A(;\:107. Thus, if the percentage of propagation due to Townsend
avalanche can be expressed, tl']C solutions for AV and K can be gained.
In the prc;')onderance of literature, the percentage of the propagation in the G-M region,
is attributed almost solely to photons, and a low value ("v0.1--10 percent) can safely be assuined for %T.
The reason that %T is so low is because all that is needed is one successful Townsend avalanche and
then the photons radiated by the excited species within the avalanche will be sufficient to continue the

discharge.

There are many “loose ends” in this approach that make it of questionable value. First of all,
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the average enersy to create ar ion pair in a mixture is assumed to be a weighted addition of the parts
that compose the mixtme. Although this is not strictly correct, it can admittedly be used as a rough
approximation. Secondly, the %T is not kncwn definitely and thex fore must be assumed. Finally,
750-i has not been meas ired for all desired gases. Although this d jes not make the theory incorrect,
it does make it less usefu..

Once all the constar ts are found, the gas multiplication factor can be determined; however, Ao=107
has already been assumed n the G-M region, therefore the end resul is again of less than significant

value. But, by assuming / 0=107 it is possible to determine a V for a G-M counter. Rearrangement

of Equation 11 yiclds the following form:

AV{InANIng) _ '
In2 & —\é lh\é"‘ihffp}a"n%- 14)

Although it has not been done in this paper, it is possible to get a series of values for V, by inputting

different values of AV and K into a computer program. Again, it should be siated, that this conclusion
is built upon assumed values and from this standpoint is of questionable value.

This completes the background theory of the operation of Geiger-Muller counters. It is hoped that
this has provided a basic understanding of the operations and processes that take place within a counter .
It may be worthy to note at this point that, although the Geiger-Muller tube is one of the oldest, simp-

lest, and most frequently used counters, the detailed molecular and plasma processes which occur inside

are not (even yet) totally understood.
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Appendix B

The Composition. Halogen-Resistance, and Vi>rational
Characteristics of Various Materials

This appendix gives some general information on several metal. that either have been used as mat-
erials in halogen G-M tubes or those that appear as likely prospects. An alphabetical listing of the ma'-
erials, some basic characteristics. uses, and halogen reactance is follov-ed by a chart showing the materials
vibrational characteristics.

There is little information on ceramics, glasses or epox.ies since no real data was found to indicate
their resistance (or lack there of) to halogen gases. However, from 1 rivate communications with Corning
Glass Works and Epo-Tek (Refs 13, 8) the glasses and epoxies appear to have good resistance to halogen
attack. An investigation is under progress at USAF Flight Dynamics Laboratory to actually determine
the reactivity of several types of epoxies and sealing glasses. This study is being conducted by 1/Lt. L.

Tessler and superviced by Capt. R. P. Couch.

Beryllium
Beryllium is a high strength but low density materal. It is widely found but only in small

quantities. Its primary drawback is its expense, but a small addition of beryllium to other metals yields
an alloy of much greater endurance (Ref 11:408)

In its pure state, beryllium is attacked by fluorire at room temperature and by chlorine, bromi e,
and iodine at “elevated” temperatures (Ref 29:56). A private communication with Little Falls Alloy,

Inc. revealed that “elevated” temperatures was probably at approximately 100-150°C.

Hastelloys

Hastelloys A, B, and C are all high Ni (61-82 percent) Mo (16-28 percent) alloys. Each of these
are quite hard (especially “C™) and are extremely difficult to machine. Of all Hastelloys the “C-276™
alloy is most workable. ‘

Hastelloys are very good in halogens and hav. ..aximum recommendedtemperatures in dry cldorine
of 500°C. When resistance to corrosion is desired, both at high temperatures and below the dew point,
th;: order of preference is Hastellow B, A and then C (Ref 29:861-862). However, the “Stellite Hastelloy
Corrosion Guide” (Ref 2:13-17) indicates that, in dry Bry or Cly, Hastelloy C is the most desirable,

with less than 2 mil penetration per year for C1, at 300°F and 20 mil per year for Bry at 150-700°F.

Molybdenum
Molybdenum does not occur in nature, but must be obtained from “molybdenite” (MoS,) and/for

from “wulfenite” (PbMoOy). 1t s extremely hard and is used to increase the toughness and tensi
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strength of steels, It is scfter than tungsten and its ductilaty makes it extremely useful as filaments grids

and screens in rachos (Ref 11:421).

Molybdenum is not esistive to halogen attack at all. It reacts with fluorine at room temperature and

with chlorine and bromin: at red heat (Ref 29:252).

Niciel is a hard but nalleable metal which is slightly magnetic. It has been used extensively in
alloying with other metals ‘o increase their strength and corrosion resistance.

Gases such as chloit e, bromine and other halogens are appreciatly corrosive to Ni only when they
contain condensed moistur: (Ref 29:265). As a matter of fact, at 315°C and in dry chlorine nickel is

superior to Inconel, Monel or any of the Hastelloys (Ref 29:6482).

Nickel Iron Allovs (Elinvar Extra)

“Elinvar Extra” is a precipitation hardening Fe-Ni alloy having a constant elastic modulus and
“zero” thermoelastic coefficient over a temperature range of -50° to +150°F. It is vacuum melted
to assure maximum uniformity of composition and internal cicanliness™ (Ref 10:1-2 ),

Although no definite information has been found on the halogen resistance of Elinvar, Ni (and
scme high Ni alloys) provide useful resistance to chlorine over a wide range of concentration and tem-
perature (Ref 29:681). Because of its Ni content, Elinvar Extra is considered by 1is manufacturer

(Ref 12) to be very good in halogen environiment.

Platinum Alloys

Platinum usualiy occurs in native form. accompanied by small quantities of iridium, rhodium
and osmium, all in the same group. Pt is a tin-white metal of metallic luster, tenacious, mallable and
ductile. The metal is not oxidized by air at any temperature. but is corroded by halogens, cyanide,
sulfur and caustic alkalies (Ref 11:424).

All the feee halogens react with Pt over certain ranges of elevated temperatures, but the addition of
iridium or ruthenium increases Pt’s halogen resistance. Of all the halogens Br, (dry) attacks Pt the

most. Pt-Ir alloys are particularly suitable for use in halogen environments (Ref 29:300-310).

Stainless Steels

446 stainless steel is best in corrosion resistance of the - ommon commercial series, due to the high
chromiuin content. It is quite sensitive to fracture at slight defects or notches. thus, commercial
fabrication operations such as: drawing, spinning, forming, and welding require special cate and pre-

cautions. Sigina phase may develop during service at elevated temperatures giving rise to increased
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hrittleness {Ref 24:50).

Wo definite information was found on the resistance of stainless steels to halogen attack with the i
exception of Uniig’s stater ient {Ret 29:145) noting that “In the presence of halogen ions, especially
chlorine, the material mus be looked on with suspicion”. However. from surface analysis conducted

as part of this thesis, poti. 17-7 Ph a2nd 446 are attacked and considzred to be non-effective in a bromine

environment at 200°C.

Tantalum i

Tantalum is principa ly fourd in the mineral “1anialite™. It can be drawn into a wire and has
found use as a filament in lamps and as materials in halogen Geiger-V uller counters. 1t has been re-
placed in lamps by tungsten but still finds usage where “more than o dinary vibration” is possible

(Ref 11:431). °

At temperatures below 150°C tantalum is resistant to wet or dry chlorine. The same can be said

of bromine with the uppe, limit of 175°C.

b e SR AR bt

Titanium :

Titanium is a very malleable metal (hot or cold) unless contaminated with oxygen or nitrogen.
however the smallest traces of these impurities embrittle the metal.

In its pure form, titanium’s corrosion resistance is very similar to 18-8 stainless steel. It reacts

with flourine, chlorine and iodine at “elevated” temperatures.

Tungsten

Tungsten is 3 hard, brittle, nonmagnetic metal and forms an oxide when heated in air. It has
the highest known melting point of metals and thus its vapor pressure is very low. This makes tungsten
useful for wiring furnaces. targets for x-ray tubes. and contacts. It has found its widest use as filamen:s

in light bulbs and alloyed in stcel to produce strong durable metals [e.g., armor plate and projectiles

{Ref 11:433)].

All halogen gases react with tungsten, but at different temperatures. Rromine and iodine react

with it at red heat and chlorine (in the presence of oxygen) reacts at 600°C (Ref 29:330).
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Appendix C

Gas and Surface Analvsis Methods

This appendix gives a brief summary of the various analvtical metheds used to determine the gas
and surface compasition «f the tesied G-M tubes. Where possible, the reader is referred to technical

or laboratory reports for . ctailed information.

Gas Analvsis

-Wet.Chemical. The jirst.and mos:-quantitative method of brominz .analysis was a wet chemical
treatment. This work was performed by Mr. Brennen Gisclard of the Chemistry Branch of the Air Force
Flight Dynamics Laboratory. He and his associates have developed a methyl orange reagent which is
highly sensitive.to halogen gases. Mr. Gisclard is prcsently *ri.olved in publishing a technical report

containing the detailed inforination on this analvtical method (Ref 9).

491 Mass Spectrometer. The second successful method of gas analysis was the use of a 491
Mass Specirometer. This work was done by Mr. M. Taylor and supervised by Dr. M. Hughes. Both of
these men are under the direction of Dr. Ticrnan of the Chemistry Branch of the Air Force Aerospace
Research Laborasory (ARL).

This method was not quantitative but did yield relative percentages of all gases contained within
the G-M tube, (the results will be quantitative after known quantities of the gas are measured). This
analysis was able to determine that bromine was not the only halogen gas within the counter, but that
chlorine and iodine were also present in quantities of 1/20 that of bromine. [t was not able to detect

halogen gas in counters which exhibited oscillations and from the wet chemical analysis, this quantity

is known to be- (1.0 4 gm.

Surface Analvsis

Three different methods were used to investigate the structure and surface compositions of both

the ancde and cathode. These were: 21-110 spark source mass spectrometer, Auger spectrometry,

and the scanning electron microprobe.

The Spark Source Spectroineter. The 21-116 spark source spectrometry was performed by the afore

mentioned individuals from the Chemistry Branch of ARL. This work gave the first confinmation of
bromine reactions with the anode and cathode. This method is best explained in Ref 1:75. The results

are not quantitative but do yield excellent relative measurements.

The Auger Spectromcter. Auger spectrometry was performed by Dr. T. W, Haas and Capt. George
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! Docley of the Strface Analysis Branch of the ARL. These zesults : re also excellent comparative analyses
¥
but the greatest advantsge is the determination of surface stiucture from 3 to 200A in depth. This
method is *“almost™ capatle of giving quantitative results and excellent reiative measurements can be

* gained. Detailed information into exact theory and procedures s.e contained in Ref 7:1-8.

The Scanning Elect;on Micronrobe. The scanning electron microprobe yields some excellent

ey

semi-quantitative and rela ive rosuits. It is capable of determining :iyer thicknesses to 1.0 micron .nd

providing polaroid picture: of all results. The advantages over the previous methods are: It has an extre-

.
PR DAL S G LRI Rk g PR3, A LU S U Bou el S E A T

mely small beam (\I micr in), it is able to continuously scan the sam.ple surfaces. it can “backscatter

—aap?

line scan™ for different sp:cies, and it yields photographs of all resu'ts. Some sample pictures and de-
tailed information is coniained in Ref 27:1-19. This analysis was pe-formed by Mr. W. L. Baun and

Mr. J. Soloman of the MAYA Branch of the USAF Materials Labor .tory.
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Tais thesis was typed by Mrs._ Sally Clemans
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