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SUMMARY

The thermal accommodation coefficients of helium and argon have been
measured on tungsten at temperatures of 800° - 1512°C under conditions which are
considered to give a clean tungsten surface after flashing to 24,00°C, Measure-
ments of the asccommodation of the same gases and of nitrogen have also been made
on platinum at temperatures of 910° - 4320°C,

An accommodation coefficient of 0,018 for helium on tungsten ard of 0,24
for argon, both constant over the temperature range studied, was found, On
pPlatinum these gases and also nitrogen had constant accommodation coefficients
over the range studied, the values being 0,026, 0,38 ard O, 34 for helium, argon
and nitrogen respectively. The values for helium on tungsten have been compared
with those obtained by other workers at temperatures of =170°C to +58°C and
reasonable agrecment has been found, It is concluded that the thermal
accammodation of helium on tungsten is independent of temperature up to 1512°,
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1 INTRODUCTION

The thermal accommodation of an assenbly of gas molecules, characterised
by a Maxwell-Boltzmann distribution of onergies, impinging on the surface of a
s0lid at a different temperature and rebounding with an exchange of energy is
defined in terms of energy fluxes aa

E - Eo
. s E‘\ - Eo
where a = thermel accommodation coefficient
E = average cnergy of the gas moleccules leaving the surface
Eo = average cnergy of the impinging gas molecules
E, = average energy which the gas molecules would carry away if they

came into thermal cquilibrium with the surface,

The original definition of a by Knudscn1 was in terms of temperatures, vig,

T - To
R A
where T = average temperature of gas molecules leaving the surface, %
’l‘o = average tumperaturc of the impinging gas molccoules, %
T1 = tcmperature of the surface, °C.

This definition in tcrms of temperature is only truc if the gas molecules

leaving the surface have a Maxwell-Boltzmann cnorgy distribution,

The thermal accommodation cocfficicent may be of considerable importance in
understanding the chemical kinetics of reactions between gascs and hot solids,
In studies of the kinetics of such recactions it is common practice to usc an
electrically heated filament in a vessel containing the gas at a pressure of a
few microns, the walls of the vessel being at room temperature, In such a system,
since the mean free path of thc gas molecules is many times the diametor of the
filament (e,g, 100-1000 times), the gas molccules impinging on the heatod surface
are at room temperaturc as they are in thermal equilibrium with the walls of the
vessel and not with the surface of the filamcnt, The rates of reactions obtained
under these circumstances are not thercefore neccssarily the same as when the
solid and the gas are at the same temperature, This may be especially true for
reactions between graphite and oxidising gases such as oxygen, carbon dioxide
and water vapour, These rcactions have been studicd at low pressurcs using
graphite filaments at 1200° - 2000°C and 1low roaction probabilitics, 1 x 10‘1" to
1 x 10"5, have been obtained with the ratg depending to some extent on the
previous history of the graphite filamontg.
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The work described in this note was undertaken to gain experience of
measuring accommodation coefficients at high temperatures, for the eventual
application of the technique to systems involving chemical reactions, i,e, for
a better understanding of chemical kinetics in low pressure systems, Very
1ittle work has been done on the measurement of accommodation coefficients at
elevated temperatures,

It was decided to work initially with a non-reactivc system so the
accommodation coefficionts of the inert gases helium and argon werc measurcd on
platinum and tungsten fileaments and also nitrogen on platinum, Accommodation
coefficient measurcments on tungsten at elcvated temperaturcs are of considerable
interest to other workers in the Physics Division of C,P.M. Department who are
working on accommodation coefficicnts of gascs on tungsten, using a momentum
balance to measure the translational ensrgy of the reflected molecules”,

Accurate measurements of the accommodation cocfficient of helium on tungsten
over a wide temporaturc range would also be of great value to theorctical
workers in the fiecld,

The method normally used for measuring accommodation coofficients employs
an elcctrically heated wirc along the axis of a cylirdrical vesscl, The power
loss from the wire in vacuo at thc operating temperature is measurcd and then a
knovn pressurc of gas admitted, The temperaturc of the wire, mcasurcd by the
resistance, is adjusted to that beforc admission of the gas, and the new power
loss from the wire determined. The difforence between the two power rcadings
gives the loss to the gas, The gas pressure should bo such that froe moloocule
corduction conditions exist,

The classical work of Roberts on the accommodetion of helium on sten
at gas temperaturcs from 79° to 293% »6 with filament temporatures 10° - 209C
above the gas tcmperaturcs showed the nced for obtaining a surface free of
adsorbed gas and of kceping it clean during the measurements by working with a
clean vacuum system and high purity helium. To obtain thesc oconditions the
surface was flashed to a high tempcraturc, about 2000°C, to clean it of adsorbed
gases then the measurcment of power loss in high purity helium was carried out
as quickly as possiblc, Roberts obtained values of 0,025 at 799K, 0,046 at 19501(
and 0,057 at 295°K, ILittle work has beon done on the accommodation cocfficicnts
of gases on filamcnts at 800°C and upwards, the rcason being the strong depen~
donce of radiation on tcmperaturc so that tho power loss to the gas becomes an
inoreasingly small fraction of the radiation loss and the resistancce change
smaller,

Mann7, mcasurcd the acconmodation of hclium, argon,hydrogen and oxygen on
platinum at filament temperatures ranging from 100° to 1000°C, In the method
employcd the filament was onc arm of a Kelvin resistance bridge; the
resistance and also the potcntial drop across the filament was moasurcd, Ges
was admitted to a known pressurc, tho bridge rebalanced by inorcasing the
voltage across it and thc now power loss determined, Mann fourd that the
accommodation cocfficicnt of helium on platinum at 100°C rosc with time after
flashing at 10009C from 0,12 after % min to 0,25 after 7 min; this indicatcs
contamination of the surfacc, At a filament temperature of 1000°C the value was
0,066, Troatment of the filamont at 1000°C with oxygen reduscd the accommoda-
tion coefficiont to 0,03 to 0,0k At tomperaturcs of 100° to 800°C a variation
of @ with time intorvel from olcaning with oxygon at 1000°C was noted, but the

-5 -
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values cbtained by extrapolating to zero time interval converged to a common ,[
value of ebout 0,04, Mann concludes by saying that the variation of a with ‘
temperature is small provided the condition of the surface is kept unaltered,

|
i
Thomas and Schof‘ield.8 report measurements of the accommodation o ‘
coefficient of helium on tungsten over the temperature range -190° to +30°C |
with filament temperatures of -170° to #47°C., They used an cvaporated film of ;
aluminium in the filament vessel as a "getter" and obtained values for a of {
0,015 to 0,017 with virtually no temperature coefficient,

Wa.chmann9 has studied the accommodation coefficient of helium on tungsten 1
with and without the presence of adsorbed gas on the tungsten surface, Clean |
conditions were obtained by the presence of an evaporated layer of misch mectal ‘
on the walls of the filament vessel to act as a."getter for the reactive gases.
Filament temperatures of 58°C and wall temperatures of 31,7°C were used, On a
clean tungsten surface urder these conditions helium was found to have an
accommodation coefficient of 0,020, Measuremcnts with adsorbed oxygen on the
tungsten showed three or possibly four types of films correspording to helium
accommodation coefficients of 0,065, 0,085, 0,107 ard 0,185,

Meyer ard Gomer1o worked on the encrgy exchange between the noble gases
and heated graphite filaments at temperatures from 852° to 1502°C, Again the
filament formed one arm of a rcsistance bridge., The out-of-balance D,C, voltage
produced on admission of the gas was chopped at 400 oycles/sccond, amplified,
rectified, aml used to drive an amplifier supplying part of the filament heating
current, This was used to rebalance the bridge by incrcasing the heating
currcnt to resore the filament to the original temperaturc, The current
incrcase Al was measured, In this method the power radiated was kept constant
and the loss § due to free molccule conduction is given by @ = 2Ri Ai watts
where R is the resistance of the filament and i is the current passcd,

They worked with helium, hydrogen, ncon, krypton and methane and found in
all cascs that the power loss due to thc gas was independent of filament tempera-
ture at any given wall temperature below a ccrtain critical temperature which
was different for each gas, An accommodation mcchanism of temporary adsorption
followed by evaporation at a constant temperature appreciably below the filament
temperature was postulated, VWhen the wall of the filament vessel was raised
above this evaporation temperature the power loss to the gas became proportional
to the temperature difference between filament and wall,

De Poorter and Scarcy11 presented the first work on the accommodation
coefficicnts of various gases on tungstcn at clevated temperaturcs by the
classical method of measuring power loss, They measured the increasc in ourrent
when the gas was admitted and from it caloulated the power losz to the gas,

The background pressure in their apparatus is given as 6 x 10~® mm Hg, and they
state that this implies an oxygen covered surface, No reliable rcsults for
helium are given; for neon they report an accommodation coefficicnt of 0,274 at
& filament temperature of 1607°C falling to 0,236 at 1847°C, and for argon a
value of 0,455 at 1587 C falling to 0,349 at 2062°C. The power loss to the gas
was approximately constant over these temperature ranges arnd it is concludod
that, as Meyer and Gomer postulate for neon and argon on graphite, a mechanism
of temporary adsorption followod by ovaporation at a constant temporature
exists,

Pz

vk
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2 EXPERIMENTAL

2,19 Theory of the method used

In the method used in this work the filament formed one arm of a Kelvin
resistance bridge used under constant voltage comditions, Potential leads were
taken from a central uniform temperature zone of the filament to the bridge,
which was balanced in vacuo with the filament at the desired temperature; the
resistance change on admitting the gas was measured by noting the out of balange
deflection of the bridge galvanometer,

It can be shown12 that the power loss to the gas under oonstant voltage
conditions is given by

3ar ., ¥
H = Le Ao? dRAR+R2AR (1)
where H = power loss to the gas from the filament, watts
v2
T = the power input to the filament between the potential leads at a

filament temperature of TPK
V = voltage between potcntial lcads, volts

R = rosistance between potential leads, ohms
€i = total emissivity of the filament at T°k

A = surface area of the filament, om2
o = Stefan-Boltzmann constant, watts om"aoK-l".

The assumptions in deriving this expression are

(1) no change in the volts across the filamont on admission of the gas

(2)  tho drop in tcmperaturc of the filament is small, i.e,

AT ar
AR ° &R

AT

temperature drop of filamont, %

AR = rosistance change of the filament, ohms

g% = reciprocal of the tamperaturc coefficicnt of rosistance of the
- filament at T9K, °K omm~1

(3) tho presoncc of the gas doos not change the total amissivity of tho
filament,

-7 =
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The first term on the right is the change in the watts radiated by the filament
as a result of the temperature drop AT while the second term on the right is the
change in the power used by the filement as a result of the resistance change,
Since the voltage does not change the resistance drop causes a small inorease in
the power consumed by the filament so that the change in the watts radiated must
be corrected by this amount.

The change in the watts radiated is directly proportional to the total
emissivity so that equation (1) used as it stands requires an accurate value for
this constant at each temperature used, This can be cbviated by constructing a
watts versus resistance curve for each filament in vacuo and finding aw/arR from
this curve at the desired temperatures. Equation (1) used in this form beoomes

2
aw v
H=AR{-&-+R2} (2)

'fhis assumes that all the power is lost by radiation or gaseous conduotion,
i,e, the end cooling is negligible, Finally a the thermal aocommodation
coefficient is caloulated using the equation

H
a = R
Az (cv . 5) (2 - T,)

where A = surface area or filament, cm2

number of moles of gas striking 1 cm2 of surface per second

Z2 =

Cv = specific heat of the gas at constant volume at the temperature of
the filament, cals mole~1 o¢-1 o '

R = gas constant, cals mole-1 00-1

J = mechanical equivalent of heat, joule ca1™!

(Tf -'l‘w) = temperature difference between the filament at Tf.oC ani glass
wall at T _°C,

The term g is necessary to make allowance for the fact that the translational

molar hcat capacity of a molecular stream of gas molccules is greater than the
corresponding quantity for a still gas,

The number of moles of the gas striking 4 om"2 of filament surface per
second, z, was calculated using the following expression derived from kinetio
theory.

X 1019
N (M1)%
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where p- gas pressure, microns

H

M = molecular weight of the gas
T = temperature of thé impinging molecules

N = Avogadrds number,

2,2 Apparatus

The Pyrex glass apparatus is shown diagrammatically in Fig.1, The vessel
(1) 5 om dia, 33 cm long, containing the filament (2) was connected on one side
via a liquid nitrogon trap to a conventional pumping system of backing pump anmd
oil diffusion pump and on the other side to a gas storage and measuring system
(3) evacuated on the same pumping system, The taps T, and T, were lubricated

with Apiezon L grease* and also the cone and socket joints (42), The gas storage
vessel (3) was connected via a needle valve (6) to a glass bulb (7) containing
the test gas so that a few microns pressure of gas could conveniently be
admitted, The pressurc of tho gas after sharing with tho filomont vessel by,
opening tap T, was mcasured by the Mcleod gauge atteched to the storage vessel,
This was a oogsta.nt campression Mcleod gauge rcading to 0,025 microns pressure,
A liquid nitrogen trap was in the line hotween the gas storage vessel amd tho
Moleod gauge, Both the filament and ges storage vesscls had appendices cooled
in liquid nitrogen for the exporiments with the platinum filament, During .
experiments with the tungsten filameont, donc after those with platinum, the
appendix on the gas storage vesscl was replaced by a flask containing outgassed
charcoal, coolod in liquid nitrogen, 11, Ultimate pressures in both vesscls wore
rcad with ionisation gauges, I,G.1 and I,G.2., Tho Pt, filament was grippod by
small steel pin chucks (4) which worc scrowed amd bolted into water cooled copper
blocks (5); the copper tubes (8) for the wator cooling were also the current
conductors and worce shcathod in glass tubing so that they could be usocd as guides
for the leads to the potential contacts (9) on the filament, The platinmum was
0.40 mn diametor of total 1.:ngth botwcen the pin chucks 20,4 ecm, The potential
lcads were of O,1 mm platinum wire, 5 om long, spot weldod to tho filament and
12, 30 om apart,

The other ends of the potentinl leads were welded to O,4 mm platinum wires
led out of the filament vessol through coppor copillary tubing soldored into
housekeeper seals (10),

The tungsten filament was held difforently, After clectrolytic polishing
in 4075 NaOH solution it was 0,46 mm diameter and wos spot wclded to 2 mm diamoter
molybdenum rods which had been brazed into stainlcss stcel rods with 2 BA threads
and scrcwed into the copper blocks, as were the pin chucks, This mounting mothod
was used as it was dosirod to age the filament at high tomperaturcs and to flash
it at 24009C for cloaning before cach measurcment, The potential loods woro of
0,1 mm tungstcn wirc about 5 cm long spot welded to the filament and to O,4 mm
Plotinum wires led out of the vessel as for the platinum filament, The total
length of the filament was 21,47 cm and the potontial leads were 10,99 om apart,

* The vapowr pressure of Apieson L groasc is given by the manufacturcrs as
10°1% to 10™"! m Hg at room teaporature, ‘

b -
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The power for heating the filaments was cbtained from a transistorised D,C,
power unit with a stepless variable output, An electronic voltage stabiliser
with a fast response time in the input side of the power unit gave satisfactory
voltage stability,

The Kelvin bridge could be read to 1 x 10~% okms , ard the bridge
galvanometer was a Sefram Graphispot, This contained a pen recorder locked to
the light beam from the galvanometer so that a trace of the out of ba:l.anoe
bridge ocurrent against time could be obtained,

2,3 Experimental procedure

Since the procedures with the platinum and tungsten filaments were
slightly different they are desoribed scparately,

Platinum filament

The tomperature distribution along "the length of the filament and the
watts/resistance characteristics were measurcd by heating to different tempera-
tures in vacuo. The resistance between the potential lecads was measuroed with
the Kelvin bridge and also calculatod from the voltage dropped between the
potential leads and the curront through the filament; tho voltage was mecasured
by a potoentiometer to 0,1 mV and the current to 0,1 mA fram the voltage drop
acroas a O,1 ohm standard resistancc in scrics with the filament., The two
rcsistance values agreed to within O,1 percent., The temperaturc was measured
with an optical pyrameter, calibrated against an N,P,L, standard lamp, and the
readings corrocted for %pectral emissivity using the volues given by Goldsamith,
Watorman and Hirscharn’ Valucs of dW/dR werc computod from the data for the
temperatures 910°, 1100°, 1320° and 1500°C,

For an experiment the filamont was set to the required tomperature using
tho resistance temperaturce data, and the optical tomperature checked, All this
was done in vacuo with the filament vcssel open to the pumps and with the cold
trap and appondix of the filament vcsgel (15§
pressure in the apparatus was 2 x 10°° mm with no mcasurable degas rate over a
period of one hour after isolating from the pumps, The bridgc was balanced and
the requisite amount of tecst gas admitted to the storage side, The chart drive
of the recording galvanomotor was startod and a calibration deflection of a

1 x 104 ohm change was made on the Kelvin bridge, Tap fl"1 to the pump was closed

and '1‘2, the gas sharing tap, opened about onc sccond aftorwards, The deflection

due to the resistance change of the filament wes completed in about five seconds,
and aftcer about one minute T2 was closed and T1 openod to the pumps, Tho

pressure in thoe gas storagc vessel was then road, this being the pressure in the
two sidcs of the apparatus after admission of the gas to the filamont vesscl,

After oxperiments with helium on the platinum with no pretroo.tmont,
measurements were made after treating the filamont while at 1320°C in a strcam
of oxygen at one micron pressurc, the flow being controlled by the neodle valve,
After 10 minutes of this troatmont the flow was stoppod, the oxygon out,
and the filamont set at the roquired tomporature if differont from 1 + Then
the tost gas, which had baen admittod to tho gas storage vossol, was shéred with

ccoled in liquid N,, The background
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the filament vessel, after the trace of the bridge galvanometer had became
stable, This took about five minutes, This oxygen treatment was done as it was
suspeoted that carbon contamination of the filament was ocourring,

A typical resistance change trace for argon on the platimm filament is
shown in Pig,2,

Tungsten filament

In working with tungsten it is necessary to be able to flash the filament
to about 2400°C to remove the chemisorbed oxxﬁen which has a heat of adsorption.
of 180 Koals mole=! for a complete monolayer '4, corresponding to a heat of
desorption as oxygen atoms of 148 Koal gram-stom™!, A double pole double throw
switch was inserted in the oxternal leads to the filament so that it oould be
connected to the stabilised power supply or to a D.C, rectifier capable of
giving enough power to heat thc filament to 2400°C, The apparatus was also
dismantled and baked in air to 450°C before putting in the tungston filament,
which was then heatod in vacuo at 2000°C to ege it and thus stabilisc its
rosistance, During this agoing the vacuum slowly improved bably due to
dogassing of the glass and finally became steady at 2 x 10°( mm with all liquid
nitrogen traps on, It was found that with the filament cold amd the apparatus
isolated from the pumps the pressurc rose to about 1 x 10=2 mm overnight, No
runs wore done on any day until with the filament on at 2000°C ard all liquid
nitrogen traps on the pressure went down to 2 x 10~/ mm,

Because of the presence of the greased traps and cone and socket joints
(12) thorough baking out of the assembled apparatus was not possible.

From the analysis of the gascs used (see section on purity of materials)
it was considered necessary to purify them before admission to the tungsten
filament by exposing them to charcoal at liquid m‘.trogen temporaturc, A flask
containing charcoal (14) previously outgassed at 1500°C for 24 hours to a
pressure of 10 microns was attached to the gas storage vessel, The helium or
argon was exposed to charcoal at liquid nitrogen temperature for at least ten
mimutes, Tosts with oxygen and nitrogen at a few miorons pressure showed that
86 percent of these gases were adsorbed by the charcoal under these corditions.

The best flashing procedure for cleaning the tungsten was fourd to be
flashing at 24,00°C for 15 second periods at 4 minute intervals until two
successive flashes gave no observable pressure rise from 2 x 10~/ mm, Two or
three flashes sufficod, Longer flashes causod tho pressure to rise unduly e,g.
a two mimutes flash caused a pressurc riso to about 2 x 10-6 mm, this being
considered due to the rcst of the apparatus warming up and disengaging gas, The
test gas was admitted aftor about 3 minutcs when the resistance had stabilisod
after the last flash, A typiocal galvanometer trace showing the resistance
change at a filament temporaturc of 1062° on admission of hclium is shown in
Fig.3. The upper tomperature for measuring a on the tungsten filament in the
apparatus as desoribed was found to bc around 1512°C, A rosistance changoe trace
at this temperature is shown in Fig,4. It can bo seen that aftcr the initial
rapid resistance drop on admission of the gas therc is a slower rise and the
roverse ooocurs on pumping out, It was found that the secondary effect was duc
to a slight resistance chango in the long ourrent condustors to the bottom of
the filament, These were hoated by radiation from tho filament and sdmission of

-11-
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the gas cooled them slightly and comparatively slowly causing a slight

resistance drop and hence more current through the filament, At temperatures
R of about 1700°C the effect was very marked the seoondary resistance change

being greater than the original cooling change,

2,4 Purity of materials

The platinum wire used was of Thermopure quality, given as 99,99%% purity.
The tungsten wire was analysed after electropolishing and the analysis

was:i-
s Impurity content
Tmpurity Atomic porcent
Carbon 0,10
Iron Oa 1 8
Thorium Nil

The gases used were ex cylinders, the stated impurity contents being as follows

Impurity content, ppm by volume
Helium Argon Nitrogen
| Hy0 6 - - ;

H, 1 0.5 1 f
Ne 30 - 1 i
O2 25 5 10 ]
N2 30 L0
€0, 6 5 5

After exposure to the charcoal at liquid nitrogen temperature the impurity
contents wore estimated to dbe

Impurity content, prm by volume

Helium Argon
H20 Nil Nil
H2 not estimated not estimatod
Ne not estimatod not eatimated !
02 3.0 0,8
N, 500 6.6
002 N1 Nil
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These eatimates are based on measured adsorptions of oxygen and nitrogen in the
apparatus with the charcoal as subsequently used, ar uming the most pessimistio )
case, vig, that at partial pressures of oxygen and r.trogen of about 1 x 10~k

microns the amount adsorbed on the charcoal is proportional to the pressure,

2,5 Aocuraoy

Temperature was read to +5° on an optical pyrometer which had been
calibrated against a stendard N,P,L, lamp, The temperaturcs were corrected for
the spectral emissivities of tungsgen and platinum using the data given by
Goldamith, Waterman and _H:i.rsa:horn1 ., The measurcments of filament area and
dW/4R are estimated to be *2% and *37 respeotively.

The acouracy of the measurements of the resistance changes vary with the
temperature, since the changes were smallor at the higher temperatures and also
varied with the gases used, because of the differenccs in the accammodation
coefficients of the gascs, After allowing for the errors in reading the
galvanometer deflections the overell accuracy of the accommodation ocoefficients
on tungsten is estimated as follows .

Accuracy of thermal aocommodation
Filament temporature coefficient, poroent, for
og Holium Argon
800 £7.0 5.5 T
1062 £8,5 6,0 ‘
1285 7 *10.0 26,5 | , ,
1512 £12,0 7.0

The errors for the accommodation coefficients of helium on platinum are about 1%
less and those for the argon and nitrogon on platinum about O,5: less than those
on tungston, No corrections werc madc for thc variation of the temperature of
the wall of the filamont vessel, It was moasurod with a contact thormocouple at
each filament tomperaturc but the corrections to the caloulated accommodation
coefficicents were all less than 0.57 and so were ignored,

Tho temperature of the impinging gas molooules was taken as 30°C in
calculating the aoccommodation coefficients,

3 RESULTS
3.1  General

In all cases the power loss to the gas at cach filament tomperature was
measured with soveral difforont gas pressures up to about five microns and the
power loss was always found to be proportional to the gas pressure, The best
straight line was drawn through the experimontal points amd from this the power
loss in watts om™2 mioron™! wes estimatod aml tho acconmodation coefficiont
calculated from this value,

-13 -
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3.2 Platinum filament

The results for the power loss in helium of the platinum filament without
any pretreatment in oxygen are shown graphically in Fig,5 and the derived
accommodation coefficients are given in Table 1, There is a large drop in the
@ in going from 1320° to 1500°C filament temperature, It secms that the surface
of the filament has been cleaned up at the higher temperature, Carbon con-
tamination from grease or oil vapours was suspected at the lower temperatures;
this may have been cleaned up and the surface kept clean by evaporation of
platinum at 1500°C, A slight darkening of the walls of the filament vessel was
observed after the runs at 1500°C, Because of this no further runs were done at
this temperature and the power loss measurcments at the lower tamperatures were
repeated, aftor the filament had been heated at 1320°C for 10 min in a strcam of
oxygen at about 1,0 micron pressure before cach power loss run,

Pig,6 gives the power loss against pressure for helium and argon aftor
cleaning the filament in the above manner and the accommodation coefficients
are given in table 1 which inocludes the results for nitrogen, also on oxygen

oleaned platinum, '

The accommodation coefficients are all lower than thoss found with the
untreated platinun and are indeperdent of the filament temperature,

3.3 sten filament

The results for the power losses from tungsten to helium and argon,
flashed to 2400°C before each experiment, are shown graphically in Figs,7 and
8 and the derived accommodation coefficients are given in Table 2, No experi-
ments were done with nitrogen on tungsten because a chemisorbed layer would be
formed at the temperatures used in the experimonts,

4 DISCUSSION

In any accommodation coefficient measurements with tungsten the first
question one must ask is what is the degree of cleanncss of the surface, that
is, what is the extent of surface coverage with adsorbed oxygen nitrogen and
carbon-mongxide? In this work therc is no doubt that with a background pressure
of 2 x 107/ mm and a flashing temperature of 2400°C the surface should be
cleaned of nitrogen and carbon monoxide, Carpontor, Humphrics and Mair!5 have
oaloulated that at a filament temperature of 2700°£ and for a surface coverage
of 1072 the equilibrium pressure for CO is 2 x 10~% mm, for N, it is 8 x 10~% mm,

but for O2 with 0,1 surface coverage it is 4 x 10-7 mm, This pressurc is only
twice the background pressure obtained in these experiments,

Fig,9 shows that there is only a small ochange in the accommodation
coefficient on increasing the time interval between flashing and admission of
helium, I the residual gases had contained appreciable oxygen then the a would

have increased markedly; for example a measurement at 1062°C with no flashing
on pumping out the apparatus after standing overnight cold gave an a of 0,11,

The filament after use was examined for any preferred orystal crientation
by X~ray diffraction and it was found that the 110 plane hed a preferred

=~
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orientation; an angle of only a few degrees was found between the [110] direc-
tion and the wire axis, Microscopic exemination of the surface showed equiaxed
orystals about 10~1 m diameter, with some thermal etching of the grain boundaries,

Pig,10, Caloulations were made of the fractional coverage of the surface

assuming adsorption as atoms of all the residual oxygen ard nitrogen remaining in
the helium after exposure to_the charcoal, The number of W atoms available was
taken a8 14,24 x 10+ per om? for the 110 planei®, The results were coverages of
5 x 10=9 for oxygen atoms amd 1,3 % 10~k for nitrogen atoms, a total coverage of
only 1,8 x 10-k,  Therefore it may be assumed that the energy exchange for
helium on tungsten under our conditions is virtually that for a clean tungsten
surface,

The coverage from the oxygen and nitrogen in the argon is almost identical
to that from the residual helium impurities, The results for the accommodation
coefficients of helium on tungsten show two striking features, Firstly the very f
low values ard secondly the fact that the value is independent of temperature, t
over the range investigated 800° - 1512°C, The value of 0,018 obtained should be
compared with that obtained by Wachmann, viz, 0,020 for a filament temperature of
589C and the results of Thamas and Schofield, vis, 0,015 - 0,017,

The following table brings all these results together

Comparison of @ of He on W at different temperatures
Gas temperature Filament
emgc temperature % x
Thomas and =190 «170 0,015
Schofield -135 -117 0,016 ‘
o : ~80 / =62 | 0,016 :
~30 .-k 0,017 '
+30 +47 0,017 ‘
Wachmann +31.7 58 0,020
Present work about 30 - 800 0,018
" ‘ 1062 0,018
" 1285 0,018
" 1512 0,018

Thesc results indicate that the a is about 0,018 over a tecmperature
range of =190° to 1512°C and this is true for amall or large temperature .
differences between the tungsten and the helium,

De Poorter and Soaroy report one result for helium, an a of 0,179 at a !
filamont temperature of 1597°C, This is about ten timos the result cbtained in i
this work at 15129C, The rasults of these workers for argon on t\mglten are
oampered with tho results of this work in the following tadle,

- 15"
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Pilament Thermal Average temperature of |
temperature accommodation | gas molecules leaving !
o coefficient the surface ‘
(o] A/W OC \
This work 800 0,25 222 ‘ ;
1062 0,25 - 288 ' !
1285 0,22 308 ‘
1512 0,23 368 j
De Poorter 1587 0. 455 701
and Searcy 1847 0,390 797
1967 0. 365 732
2062 0,349 702

The average temperature at which the argon atoms leave the surfacc calculated by
De Poorter and Searcy is close to the lowest filament temperature used in this
work (800°C). The mean evaporation temperature 719°C should give an a of 0,89 ifthe
concept of a oconstant evaporation temperature holds, but in faoct an a of 0,25 was
found, De Poorter and Searcy admit that their tungsten surface was contaminated
with oxygen under their experimental conditions, It may be that a constant
cvaporation temperature of the argon is charactoristio for a surface contaminated
with adsorbed oxygen but the present work indicatos that it is not the case for

a clean tungsten surface,

Fig,11 is a plot of the power loss ageinst filament temperaturc for helium
and argon amd can be interpreted as indicating a dircot proportionality between
evaporation temperature of the gas atams and the temporature difforence between
the filament and impinging gos,

The results with the platinum filamont show the same trend as those with
tungsten, viz, constant a, and power loss proportional to filament temperature,
sce Table 1 and PFig,12, The «a values are higher than those obtained on tungsten
although thc atomic mass ratio gas/metal is almost the same in both cascs,_ The
values for helium on platinum, 0,026, are close to the value found by Mann',
viz, 0,030 and his obscrvation that the variation of a with tomperaturc is smu.ll
is fully substantiated in this work, On the other hand he found an @ for argon
of 0,36 at 1000°C (prescnt work O, 38) rising to 0,50 at 200°C indicating a
deperdence of a on tomperature for argon, It is possiblc that the higher valucs
found at the lower tempcraturces could be duc to impuritics in the argon he used,
contaminating the surface. The purity is given as 99.5/5, the impurities not
being stated,

Diatomic nitrogen behaved like helium and argon on platinum in showing a {
constant a over the tcemperature range with a power loss proportional to the
filament temperatuwre. The calculatod power losscs assuming complete accommoda=~ ¢
tion for translational encrgy are 1,8 times the exporimental power losscs at the
difforont temperaturcs, Thereforc sinoc the thormal accommodation of the
nitrogon is less than that corresponding to completc accommodation for




Technical Note No, CPM 80

BV 3

translational energy no conclusions .can be drawn regarding the participation of

the intornal degrees of froedom in the enorgy oxchange process, It is odd that

the accomnodation cocfficient is independent of temperature. This could mean
that the acocommodation proccss docs not change with tcmperature. ‘

The outstanding feature of the results obtained in this work is that the
monatomic gases helium and argon have accommodetion coefficients on tungsten and
platinum which are independent of temperature. The actual values however are not
independent of the naturc of the =olid being greater on platinum than on
tungsten. There are some grounds for oxpecting a higher accommodation coefficient

latinum, Goodman'’ has calculated from theorotical considerations an a for
He of 0,018 and for He/Pt an a.of 0,037, at a gas temperature of 300°K,

The influence of the mass of the impinging gas atoms is shown by considoring

the ratios %ﬁgw and aHe 1;,1;he figures being 13,2 and 14.L respectively, If the

accommodation coofficients were directly proportional to thc mass of the gas
atom the ratio should be 10, It would.bo of interest to do a scriocs of measure-
ments with the othor inert gascs to investigate this more fully,

5 CONCLUSIONS

(1) A method is describod for measuring the thermal accommodation
coefficients of helium and argon on tungsten at temperatures of 8000 - 1512°C
after flashing at 2400° C, and of holium,argon and nitrogun on platinum at
910° - 1320°,

(2) The accommodation coefficient of helium on t.mgsten was fouwrd to be
constant at 0,018 over the temperature range 800° - 1512°,

(3) The aocormxodation coefficient of argon on tungsten over the tempera-
ture range 800° - 1512° was found to be nearly constant at a mean value of 0,2k,

(4) On platirum, cleaned in one micron pressure of oxygen at 1220°C,
helium, argon and nitrogen all show constant acocommodation coefficients of
0,026, ’0. 38 amd 0. 34 respectively over the temperature range 910° - 1320°C.

(5) The accommodation coefficient is not independent of the nature
of the solidas the results on platinum are higher than those on tungsten,
Nevertheless the ratio of the accammodation coefficients of helium and argon on
tungsten is close to the ratio on platinum,
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TABLE 4

Power losses and accommodation coefficients of helium, argon and nitrogen
on platinum at different temperatures :

Pilament Power loss
Pretreatment ! -5 -1 | Accommodation
Gas tempe.’gg.ture of filament watts °r: 10 cron coefficient
Helium 910 None O, 41 017
" 1400 None 0.48 0,16
" 1320 None 0,56 0,16
" 1500 None 0,13 0.032
" 910 Cleaned in oxygen* 0,065 0,026
" 1100 " " 0,085 0,027
" 1320 " " 0,095 0,026
Argon 910 Cleaned in oxygen 0. 30 0, 38
" 1100 " " 0, 36 0. 38
" 1320 " " 0,43 0, 38
Nitrogen 910 Cleaned in oxygen 0, 51 0, 34
1t 1100 " " 0. 61 0. 31’_
" 1320 " " 0,75 0.33

* Cleaned in oxygen indicates that the filament was heated at 1320°C for
10 minutes while oxygen at one micron pressure was passed over it,
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TABLE 2

Poyer 3 g“.eg and. accommodation ooefficients of helium and argon
' on tungsten at different temperatures ‘

. Power loss
Filement 2 . -1
Gas temperature watts om™¢ micron a
) - x 10

820 © 0,038 0,018
i 1062 - 0,052 0,018
Helium 1285 0,061 0. 018
1512 0,073 0,018
820 . , 0,167 0.25
1062 0,228 0.25
Argon 1285 0e242 0,22
1512 0, 302 0.23
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