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TEA Aging Studies

� Introduction

The CLEO III detector at the CESR facility at Cornell University will include
a fast RICH detector which uses a photosensitive pad chamber to detect the
Cerenkov photons��� ��� This detector will be 	lled with a gaseous mixture
of methane 
CH�� and triethylamine 

CH�CH���N�� hereafter referred to as
TEA� Triethylamine is a photosensitive compound with peak sensitivity to
photons in the vacuum ultraviolet 
������ nm� region of the spectrum� A
prototype of this detector has successfully been tested at Syracuse University�
and the detector is currently under construction there�

The goal of this experiment is to measure the longterm e�ects of exposure
of the detector materials to triethylamine� This will be accomplished by
placing these materials in an atmosphere of heated CH��TEA to accelerate
the rate of reaction beyond that which would happen at room temperature�

� Apparatus

��� The TEA bubbler

The TEA�CH� mixture is made by bubbling CH� through liquid TEA at
��� C� The vapor pressure of TEA at this temperature is �� torr� so TEA
will be about �� of the combined gas� This is calculated via the Clausius
Clapeyron equation� Assuming that Hv� the latent heat of vaporization� is
constant across the given temperature range� we can use this equation to
calculate the vapor pressure at any given temperature�

P � p� exp

�Hv

RT
� 
��
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The constant p� is determined by measuring the vapor pressure at some
known temperature� The known constants are at T����� K� P����� torr�
Hv�R����� K���� yielding p� � �������� torr� This in turn implies that the
partial pressure of TEA at ��� K is �� torr� At ��� C� the normal operating
temperature for our cold trap� the partial pressure is �� torr�

The TEA is held in a onepint Mason jar� with a Viton seal� and a set
of shuto� valves allows us to bypass the TEA bubbler if necessary� All con
nections within this system are made with stainless steel pipe and Swagelok
	ttings� A blowo� valve is included in the system before the last shut
o� valve to guard against accident conditions such as a wrong alignment of
valves or a cloggedup TEA bubbler� This valve is set to blow o� if the
interior pressure is more than � psi above atmospheric pressure� It is vented
through the cold trap into the fume hood�

There is also an input for nitrogen at the beginning of the system to allow
for �ushing the system and leakchecking� We generally �ush the system with
nitrogen for � hour before introducing CH� and TEA� and for at least � hours
afterwards� In addition� nitrogen �ows through the system throughout the
heat only trials�

��� The reaction vessel

We are using the Lindberg furnace in room B� of the Physics building�
A glass tube has been designed and constructed to 	t inside the bore of
that tube furnace� It is � cm outside diameter and �� cm long� In normal
operating conditions this volume will continuously have gas �owing through
it so a large pressure buildup is not expected� however it is designed to
hold a pressure at least twice atmospheric pressure 
which would occur if
the volume were heated to ���� C while closed�� The walls of the vessel are
rated to hold �� psi� We plan to never have pressures higher than �� psi�
The vessel has a volume of approximately � liters� We set our gas �ow to ���
liters per hour during normal operation� When 	lling the volume �� liters
per hour is our maximum �ow� The �ow is measured and regulated with a
�ow meter�

The glass tube is connected to the pipes on either end by a combination

�Not all Mason jars are equal� The correct jar is a Ball Perfect Mason ��� pint jar�

which has an O�D� at the neck of ��� inches� not ���� inches as many modern pint jars do�
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of DelSeal �anges� which are a metalonmetal seal� At the entry end a
straight glasstometal joint is attached to the glass vessel with glassblowing
and attached via a bellows connection to the gas system� At this end there is
also an extra tee joint through which a Ktype thermocouple is inserted and
attached to an electronic thermometer� The positioning of this thermocouple
allows us to measure either the temperature of the air inside the vessel or
the temperature of the vessel wall itself� At the vent there is a glasstometal
connector with a �exible metal bellows� which joins the copper vent pipe
which is also connected to the glass cold trap by the same type of connector�

We use a cold trap of dry ice and ethylene glycol to reliquefy the TEA�
This cold trap sits in the fume hood and the CH� carrier gas is vented out
into the fume hood� � lbs� of dry ice can keep �� liters of ethylene glycol at
��� C for �� hours or more�

��� Safety

The system has been leakchecked with Snoop and an electronic gasleak
sni�er� We also have a �ammable gas monitor to monitor roomlevel gas
buildup� However� since TEA is detectable by the human nose in concen
trations of one part per million� and only hazardous at ��� parts per million�
the human nose proves to be quite an e�ective monitor� Dr� Greg Peterson
in our Physics department has examined our setup and found it to be sound�
as have Vincent Franconere and Lisa Donohue of the safety division�

� Calibration

We can calculate the estimated exposure by the following method� Reaction
rates can generally be written in the following format�

rate � k�A��B� 
��

where the above is a second order reaction� 	rst order in the concentrations
of elements �A� and �B�� With organic amines such as TEA� a typical reaction
is SN�� secondorder nucleophilic substitution on alkyl halides���� In a gas
phase reaction such as the one above� the concentration of reactants will also
depend on temperature but will be a small e�ect compared to the explicit
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exponential e�ect on the rate constant k� which can be written as

k � A exp�

EA

RT
� 
��

where T is the temperature in Kelvin� R is the ideal gas constant� �����
J�mol K� and EA is the activation energy� which is not known for many of
these reactions but for reactions of simpler compounds is often on the order
of ����� J�mol� Using this as a typical activation energy� we can see that
heating the system from ��� C to ���� C will accelerate the reaction by a
factor of ����� and if EA is higher than that the acceleration will be even
faster� On the other hand� if EA is lower than that� the absolute rate of
reaction ought to be such that it will happen at room temperature in any
case� Thus we can give a reasonable lower limit on the length of exposure
that has been observed by our system� A chart of e�ective exposure time as
a function of activation energy for three di�erent temperatures is shown in
Figure ��

Although the rate constant increases as the temperature increases� liq
uid TEA tests are still important because a much greater concentration of
TEA is present� Given that the density of TEA is ������ g�cm���� at and
its molecular weight is ��� g�mol� the TEA concentration in liquid TEA is
�� mol�liter� As a gas at ���� C the concentration would be ����� mol�liter
assuming ideal gas behavior� and since TEA is only �� of our gas mix the
concentration is ������ mol�liter� This factor of ����� decrease in the con
centration is only partially o�set by the acceleration of the reaction rate by
a factor of �����

Our temperature probe has been veri	ed to read � degrees C in a bath of
ice water and ��� degrees C in boiling water�

� Materials To Be Tested

��� Adhesives

Four types of adhesives are needed in the project� All can be handled without
any special precautions� We use a small blob of the adhesive on an aluminum
substrate to check for discoloration� loss of mass� and loss of adhesion�

Torrseal 
from Varian Vacuum Products� is used for the joints between
calcium �uoride windows� These joints should be checked both for gas tight
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ness and mechanical strength� We simulate calcium �uoride windows with
glass of equal thickness 
� mm�� Torrseal combines a epoxy resin with di
ethylenetriamine as its hardener�

We test both Epon and EGA��� for securing the Ultem hinge to the
windows and the side rails� as well as the cathode boards� Again we test
for gas tightness and mechanical strength� Epon ��� 
from Shell Chemical�
is a bisphenol�epichlorohydrin resin and we mix it with Versamid ���� a
polyamide resin from Henkel in a ��� ratio by mass� EGA��� 
from IPN
Industries� Inc�� combines a proprietary resin and amine mix� These glues
were both candidates to replace a Hysol epoxy� We are also testing the Hysol
epoxy that these two were scheduled to replace�

A silver conducting epoxy KS���� 
from Hysol Division� Dexter Corp��
secures the high voltage cable to the printed circuit board� We need to test
this for adhesion to the board� conductivity� and adhesion to Kapton�

Another adhesive will be used to connect the wires to the ceramic spacers�
This will be either Delta Bond Blue ��� 
from Wake	eld Engineering� or
Armstrong A�� 
from Armstrong�� Delta Bond Blue ��� is a combination
of aluminum oxide and epoxy resin and is hardened with a B� hardener�

All the above adhesives have been tested in liquid TEA at Syracuse���
and survived for a reasonable time period� Epon� Delta Bond Blue� and
Armstrong eventually did show some damage in liquid TEA�

We also test some of the adhesives which showed relatively rapid damage
in liquid TEA� such as Devcon�s �Minute Epoxy and RTV�

��� Wire Coatings

We test various wire coatings including PVC 
known to degrade�� Kynar�
Tefcel� Te�on� XF����� PEEK� and Kapton� We will also be testing wires of
various metals including copper� stainless steel� and the gold�rhenium and
gold�tungsten wires of the chamber�

��� Construction materials

We have samples of the various types of 	berglass which will be used in the
side rails and end rails of the detector� We test hinge materials including
Ultem� Kapton 
used as electrical shielding in various applications�� and
circuit board materials such as G��� FR�� polyimide quartz� and polyimide
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glass� We also test pieces of the actual cathode board from the prototype�
In addition we test samples of the ceramic spacers and Viton A� Finally we
test Noryl and a sample of silver paint on glass� both are known to degrade
in TEA�

� Experimental Procedure

��� Mass tests

For each glue� we have made � small samples on aluminum slabs� One is
the room temperature 
cold� control� The second is heated in the furnace
under N� and is called the hot control� The third is placed in the CH�TEA
mixture and heated� and is referred to as the TEA sample� Every �� hours
for hot controls� and every �� hours for TEA samples� we remove them from
the furnace� We measure the mass with a precision balance� and examine by
eye for surface defects and discolorations� and make sure that the adhesive
adheres to the slab�

We can use adhesives known to degrade rapidly in liquid TEA to calibrate
the speed of the e�ect� Mass tests are also performed on the wire coating
samples and the construction material samples�

��� Strength tests

The adhesives we are testing are rated to be good to �������� pounds per
square inch under tensile and shear strength� We test both properties by
using each adhesive to glue together two pieces of �

�
inch diameter G�� rod

end to end� We put a sample under tensile stress until it breaks� then make
another one and test it at ��� of breaking strength after various intervals of
exposure to TEA� A similar mechanism is used to measure shear stress�

��� Leak tests

We have constructed an aluminum frame of a size small enough to 	t in our
furnace tube� We attached an Ultem hinge of the type used in the prototype
RICH to the frame with EGA���� We then attached two thin glass windows
to the hinge with Epon�Versamid� and attached the windows to each other
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with Torrseal� This frame forms the top of a small box� and was veri	ed
with a helium leakchecker to be leaktight� This frame was used as our heat
control sample� A second frame was constructed using Hysol adhesive in
place of the EGA��� and Epon�Versamid� This frame was used as our TEA
sample�

� Results

We have now completed one round of controls and TEA� In both cases we ran
the furnace for �� hours at or near ��� degrees C� This is roughly equivalent
to an exposure time of �� years� Our 	rst set of samples comprised four glues�
red RTV� Armstrong A��� Torrseal and Epon ����Versamid ��� 
���� mix�
We had two pieces of 	berglass that will be used in detector construction� and
a small piece of the cathode board that was used in the prototype detector�
which is made of FR� but is coated with copper and then goldplated� with
�minute epoxy plugging the holes� It also contained � wire coatings� Te�on�
Kynar� Tefzel� XF����� PEEK 
PolyEtherEtherKetone�� MIL����� 
a cross
linked polyalkene�� and Kapton� For the control samples we measured the
mass at the beginning and end of the run and one intermediate interval� For
the experimental samples that were in the TEA we turned o� the furnace
every �� hours and checked the weight and appearance of the samples� The
second batch of samples contained the rest of the materials described above
that were going to be tested�

��� Adhesives

We had expected RTV to degrade rapidly� In fact it did not� This is a special
type of RTV which is heatresistant and that may be why� In any case there
was no visible change in the samples of the heat resistant red RTV� We also
tried translucent RTV and white RTV 
the latter being part of the same
batch which had degraded in the liquid TEA�� and again saw no changes� �
Minute Epoxy was advertised to degrade rapidly in liquid TEA� We observed
that this glue turns from clear to orange� but this happens both in heat and
in TEA� Also no visible change was observed for Armstrong A��� Torrseal
turned slightly o�white both in the heatonly control and in the TEA run�
Epon�Versamid� normally a very light golden solid� turned a dark golden
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brown in both the heatonly control and the TEA run� A call to the Henkel
corporation con	rmed that Epon�Versamid is likely to do this in the presence
of heat and that part of the darkening is due to the reactions of the excess
polyamide resin� The e�ect appears to be enhanced due to the presence of
oxygen� In our second run we repeated the test with Epon�Versamid taking
care to exclude oxygen from our furnace and also making samples containing
many fewer bubbles� and the e�ect still occurred� The hot control EGA
��� sample fell o� the slab� but a replacement test slab did not exhibit this
behavior� nor did the TEA sample� There was no visible color change for
EGA���� The Delta Bond Blue sample was all right in heat� but in TEA
we observed three di�erent samples� from di�erent mixes of that adhesive�
all fall o� the aluminum slab� Hysol was 	ne in the heat control but in the
TEA two samples gradually turned a dark orange� beginning at the edges
and working in�

��� Construction Materials

No visible changes occurred in the pink and black 	berglass samples or the
piece of the prototype cathode board� either in the hotonly controls or in
the TEA run� Pieces of Kapton� ceramic spacer� G��� Viton A� Ultem� and
the various circuit board materials showed no damage� An exception was
FR�� where the edges of the sample turned slightly brown in TEA� A piece
of Noryl warped slightly in the heat trial but showed evidences of cracking
and disintegration as well as warping in the TEA� Also a sample of silver
paint painted on glass gradually �aked o� in the TEA but was ok in the heat
control� These latter two outcomes were expected based on earlier experience
with liquid TEA and the prototype�

��� Wire Coatings

The Te�on and Kapton wire coatings showed no visible changes in either the
heatonly run or the TEA run� The Mil����� wire did not change color in
the heatonly run but turned a dark brown in TEA� The Kynar wire turned
light brown in heat but again turned a dark brown in TEA� Both the wires
that turned dark brown did so within the 	rst exposure period� XF����
turned slightly o�white in both conditions� ETFE turned a light brown in
both conditions� and the PEEK tubing which begins as a clear amber became
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cloudy and sti�er in both conditions� The red PVCcoated wire maintained
its color through the heat trial although some melting was observed� It was
scorched almost to a brown color in the TEA� The yellow Te�oncoated wire
was slightly scorched in the heat run� but was thoroughly demolished in the
TEA� A piece of speaker wire with a clear coat 
most likely polyethylene�
survived the heat� becoming a little cloudy� but vaporized instantly in the
TEA run� condensing to a white powder in the vent of our apparatus and
forcing us to temporarily halt the run�

��� Mass Loss

The mass results presented in Table �� which was our 	rst batch� are in
general good to �� mg� The uncorrected mass results are shown� The masses
in the heat control run and the early part of the TEA run exhibit some shifts
in the absolute mass scale� In our second batch of materials� described in
Table �� we acquired a better balance and believe the mass results are good
to �� mg� The 	berglassbased materials experience a slight loss of mass due
to prolonged heating� In the heat controls� the Te�on and PEEK samples
show loss of mass because part of the sample identi	cation tag fell o� of
these samples� We do not observe any signi	cant change in mass in the wire
coating samples or in the adhesive samples� In the tables� samples which fell
o� the slab are indicated by �� samples which broke and were replaced are
noted by y� and samples which lost their ID tag are indicated by z�

��� Strength Test

Seven adhesives were tested for strength� These were Epon�Versamid� Hysol�
� Minute Epoxy� Delta Bond Blue� Torrseal� Armstrong A��� and EGA����
Since the area of the glue seal was ����� square inches and the glues are rated
to thousands of pounds per square inch� we would expect the glues to break
under ����� kilograms of force� and in fact they all did�

We applied tensile stress by gripping one end of the sample in a vise�
hanging downwards� and then hanging weights on the other end of a sample
by means of a hole bored near its end� Shear stress was applied by gripping
one end of the sample in a vise and then hanging weights so that the force
was applied perpendicular to the glue joint and as near to the glue joint as
possible to minimize torque�
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Table �� Sample Mass 
in grams� After Exposure to TEA
TEA Exposure time 
hours�
SAMPLE � �� �� �� �� ��

RTV ����� ����� ����� ����� ����� �����
Armstrong A�� ����� ����� ����� ����� ����� �����
Torrseal ����� ����� ����� ����� ����� �����
Epon�Versamid ����� ����� ����� ����� ����� �����
Pink Fiberglass ������ ������ ������ ������ ������ ������
Black Fiberglass ����� ����� ����� ����� ����� �����
Cathode Board ������ ������ ������ ������ ������ ������
Te�on Wire ����� ����� ����� ����� ����� �����
Kynar Wire ����� ����� ����� ����� ����� �����
XF���� Wire ����� ����� ����� ����� ����� �����
ETFE 
Tefzel� ����� ����� ����� ����� ����� �����
Mil����� ����� ����� ����� ����� ����� �����
Kapton ����� ����� ����� ����� ����� �����
PEEK ����� �����

HOT Exposure Time 
hours�
CONTROL � �� ��
RTV ����� ����� �����
Armstrong A�� ����� ����� �����
Torrseal ����� ����� �����
Epon�Versamid ����� ����� �����
Pink Fiberglass ������ ������ ������
Black Fiberglass ����� ����� �����
Cathode Board ������ ������ ������
Te�on Wire ����� ����� z �����
Kynar Wire ����� ����� �����
XF���� ����� ����� �����
ETFE 
Tefzel� ����� ����� �����
Mil����� ����� ����� �����
Kapton ����� ����� �����
PEEK ����� ����� z �����
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Table �� Sample Mass 
in grams� After Exposure to TEA
TEA Exposure time 
hours�
SAMPLE � �� �� �� �� ��
Delta Bond Blue A ������ y ������ ������ ������ ������ ������
Delta Bond Blue B ������ y ������ ������ ������ ������
EGA ��� ������ ������ ������ ������ ������ ������
Epon Versamid B ������ ������ ������ ������ ������ ������
Clear RTV ������ ������ ������ ������ ������ ������
White RTV ������ ������ ������ ������ ������ ������
Hysol A ������ ������ ������ ������ ������ ������
Hysol B ������ ������ ������ ������ ������
KS���� ������ ������ ������ ������ ������ ������
�minute Epoxy ������ ������ ������ ������ ������ ������
Delta Bond Blue ������ ������ ������ ������ ������ ������
EGA��� ������ ������ ������ ������ ������ ������
Epon�Versamid ������ ������ ������ ������ ������ ������
Hysol ������ ������ ������� ������ ������ ������
�Minute Epoxy ������ ������ ������ ������ ������ ������
Torrseal ������ ������ ������ ������ ������� ������
Armstrong ������ ������ ������ ������ ������ ������
Red PVC ������ ������ ������ ������ ������ ������
Yellow Te�on ������ ������ ������ ������ ������ ������
White Fiberglass ������ ������ ������ ������ ������ ������
Pink Fiberglass B ������� ������� ������� ������� ������ �������
Black Fiberglass B ������ ������ ������ ������ ����� ������
G�� ������� ������� ������� ������� ������� �������
FR� ����� ������ ������ ����� ������ �����
Ultem ����� ������ ������ ������ ������ ������
Noryl ������ ������ ������ ������ ������ ����
Epoxy Glass ����� ������ ������ ������ ������ ������
Polyimide Glass ������ ������ ������ ������ ����� ������
Polyimide Quartz ����� ������ ������ ������ ������ ������
Kapton ������ ������ ������ z ������ ������ ������
Ceramic Spacers ������ ������ ������ ������ ������ �����
Viton A ������ ������ ������ ������ ������ ������
Glass Window ������� ������� ������� ������� ������� �������
Silver Paint ������ ������ ������ ������ ������ ������
Cathode Board ������� ������� ������� ������� ������� ���������



HEAT Exposure time 
hours�
CONTROLS � �� �� ��
Delta Bond Blue A ����� ����� ����� ������
EGA ��� ����� � ����� ����� ������
Epon Versamid B ����� ����� ����� ������
Clear RTV ����� ����� ����� ������
White RTV ����� ����� ����� ������
Hysol A ����� ����� ����� ������
KS���� ����� ����� ����� ����
�minute Epoxy ����� ����� ���� ������
Delta Bond Blue ���� ����� ����� ������
EGA��� ����� y ���� ����� ������
Epon�Versamid ����� ���� ����� ������
Hysol ����� ����� ����� �����
�Minute Epoxy ����� ����� ����� ������
Torrseal ����� ����� ����� ������
Armstrong ����� ����� ����� ������
Red PVC ����� ����� ����� ������
Yellow Te�on ����� ����� ����� ������
Speaker Wire ����� ����� ����� ������
White Fiberglass ����� ����� ����� ������
Pink Fiberglass B ������ ������ ������ �������
Black Fiberglass B ����� ����� ����� �����
G�� ������ ������ ������ �������
FR� ����� ����� ����� ������
Ultem ����� ����� ����� ������
Noryl ����� ����� ����� ������
Epoxy Glass ����� ���� ����� ������
Polyimide Glass ����� ����� ��� ������
Polyimide Quartz ����� ����� ����� ������
Kapton ����� ����� ����� �����
Ceramic Spacers ����� ����� ����� ������
Viton A ����� ����� ����� ������
Glass Window ������ ������ ������ �������
Silver Paint ����� ����� ����� ������
Cathode Board ����� ����� ����� ������
Leak Frame ����� ��������

��



Table �� Loads used in the Stress Test 
in kg�
Sample Breaking Load Test Load

Shear Tensile Shear Tensile
Epon�Versamid � � � �
� Minute Epoxy �� ���� � ��
Hysol �� �� ���� ����
Torrseal ���� �� ���� ��
Delta Bond �� �� ���� ����
Armstrong A�� ���� �� �� ��
EGA ��� ���� �� �� ����

In the table below� we list the strength at which our trial sample broke�
the strength at which we tested the sample in each of the intermediate tests�
At the end of the tests we will again apply weight equal or greater to the
breaking strength until each sample breaks� It was our goal to test each
sample at ��� of breaking strength but in the intermediate tests we did not
test with any more than �� kg� It is entirely possible that some glues actually
gain strength with heat curing� In the hot control samples� the only sample
that broke 
EGA���� was broken accidentally and a replacement sample
that was added to the test survived quite well� In the TEA samples� the
Hysol sample broke after the 	rst ��hour period� We measured this one
to be good to � kg of shear stress and it broke when the full ���� kg was
applied� A replacement Hysol sample did not break for the rest of the time�
The Torrseal sample broke after the third ��hour period 
due to a tensile
strength test� but its replacement sample has not yet broken� It is possible
that this sample broke because the sample was not pointing straight down
in the vise and some torque was generated on the glue joint�

All other samples performed quite well� It is rather puzzling that Delta
Bond Blue adhesive held well in a G��toG�� seal but not when applied to
the aluminum substrate in the adhesive test above� This may be due to the
high aluminum oxide content of Delta Bond Blue causing it to make a bond
to the oxide layer rather than the metal� which is broken by the heat�TEA
combination�
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��� Leak Test

The heat control leak test frame was exposed to �� hours of heat controls
at ���� C� In the last of the three ��hour periods� the glass in the win
dow cracked� This leak was patched but other leaks were also observed in
the box� most notably at the EGA��� seal but also at points along the
Epon�Versamid seal as well� These leaks were of su�cient magnitude to be
observed with Snoop�

The TEA sample frame� which used Hysol for the Ultem to metal and the
Ultem to glass seals� was exposed to heat and TEA for �� hours� After the
	rst exposure period� a leak was visible in the Hysol seal by using �Snoop�
which had not been visible before� and other leaks were forming�

At this point we can only conclude that the disparate coe�cients of ther
mal expansion between the metal� glass� and glues cause the glue joints to
break loose in time due to the large temperature variation�

��� Other Tests

We had a sample of the chromium and silver traces that will be applied to
the CaF� window� These were etched on a glass window� Careful inspec
tion with a microscope showed no visible e�ects from TEA exposure� Also
we tested potential chamber wires of stainless steel� Gold�Rhenium� and
Gold�Tungsten� Under microscopic examination they showed no damage�

We prepared two samples of the KS���� conducting epoxy on a glass
substrate with lead wires� Initially the control sample had a measured re
sistance of ��� ohms and the TEA sample had a measured resistance of ���
ohms 
as measured with a Wheatstone bridge�� After the exposure the con
trol sample had resistance of ��� ohms and the TEA sample had resistance of
����� ohms� Such a decrease in resistance 
implying an increase in conduc
tivity� is expected� given the manufacturers speci	cations which state that it
increases in conductivity when it is heatcured� It should also be noted that
KS���� maintained its adhesion to a Kapton piece during this test as well�

� Schedule

Next week we will begin a continuous TEA run with all the samples that have
been tested today� at ���� C� and hope to triple the exposure time achieved
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to date� After that time we will do a lower temperature run 
���� focusing
on the samples which showed strong e�ects at high heat�

� Conclusions for �rst round

Since we began this study� several of the adhesives that we believed to be
good in liquid TEA have begun to show e�ects� This includes Armstrong
A��� Delta Bond Blue� and Epon�Versamid� This round of tests has shown
that there are also problems with Hysol� This leaves two crucial areas of the
detector without a proven adhesive� The calculations in this paper and the
experience that we have gained from this test show that liquid TEA is the
ultimate test� We must decide whether or not we wish to go ahead and use
the materials which have a clean bill of health in this study but are known
to degrade in liquid TEA�

On the other hand� we are also beginning to see some of the e�ects that
were also seen in liquid TEA� such as the degrading of Noryl� the te�oncoated
wire� and the silver paint� So although calibration of the two methods may
be di�cult� it is not impossible�
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Figure �� E�ective exposure time as a function of activation energy for a
��hour run at three di�erent temperatures�
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