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SUDMARY

The thermal accommodation coefficients of helium and argon have been
measured on tungsten at temperatures of 8000 - 1512C under conditions which are
considered to give a clean tungsten surface after flashing to 24000C. Measure-
ments of the accommodation of the same gases and of nitrogen have also been made
on platinum at temperatures of 9100 - 13200C.

An accommodation coefficient of 0.018 for helium on tungsten and of 0.24
for argon, both constant over the temperature range studied, was found. On
platinum these gases and also nitrogen had constant accommodation coefficients
over the range studied, the values being 0.026, 0.38 and 0.34 for helium, argon
and nitrogen respectively. The values for helium on tungsten have been compared
with those obtained by other workers at temperatures of -1700C to +58°C and
reasonable agreement has been found. It is concluded that the thermal
accommodation of helium on tungsten is independent of temperature up to 1512 0C.
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I INTRCDUCTION

The thermal accommodation of an assembly of gas molecules, characterised
by a Maxell-Boltzmann distribution of energies, impinging on the surface ofma
solid at a different temperature and. rebourding with an exchange of energy is
defined in terms of energy fluxes as

E -E
a 0

E -E0

where a = thermal accommodation coefficient

E = average energy of the gas molecules leaving the surface

E = average energy of the impinging gas molecules

EI = average energy which the gas molecules would carry away if they
came into thermal equilibrium with the surface.

The original definition of a by Knudsen I was in terms of temperatures, viz.

T- T
0T -T O

where T = average temperature of gas molecules leaving the surface, O

T = average tumperature of the impinging gas molecules, O

TI = temperature of the surface, OC.

This definition in terms of temperature is only true if the gas molecules
leaving the surface have a axwell-Boltzmann energy distribution.

The thermal accommodation coefficient may be of considerable importance in
understanding the chemical kinetics of reactions between gases and hot solids.
In studies of the kinetics of such reactions it is common practice to use 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 the gas molecules is many times the diameter of the
filament (e.g. 100-1000 times), the gas molecules impinging on the heated surface
are at room temperature as they are in thermal equilibrium with the walls of the
vessel and not with the surface of the filament. The rates of reactions obtained
under these circumstances are not therefore necessarily 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 reactions have been studied at low pressures using
graphite filaments at 12000 - 20000C and low reaction probabilities, I X 10 " to
I x I0-5, have been obtained with the ratg deponding to some extent on the
previous history of the graphite filament.

-4-
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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

little work has been done on the measurement of aocmmodation coefficients at

elevated temperatures.

It was decided to work initially with a non-reactive system so the

accommodation coefficients of the inert gases helium and argon were measured on

platinum and tungsten filaments and also nitrogen on platinum. Acccmnodation

coefficient measurements on tungsten at elevated temperatures are of considerable

interest to other workers in the Physics Division of C.P.M. Department who are

working on accommodation coefficients of gases on tungsten, using a momentum

balance to measure the translational energy of the reflected molecules 3 .

Accurate measurements of the accommodation coefficient of helium on tungsten

over a wide temperature range would also be of great value to theoretical

workers in the field.

The method normally used for measuring accommodation coefficients employs

an electrically heated wire along the axis of a cylindrical vessel. The power

loss from the wire in vacuo at the operating temperature is moasured and thon a

knovm pressure of gas admitted. The temperature of the wire, measured by the

resistance, is adjusted to that before admission of the gas, and the new power

loss from the wire determined. The difference between the two power readings

gives the loss to the gas. The gas pressure should be such that free molecule

conduction conditions exist.

The classical work of Roberts on the accommodation of helium on tungsten

at gas temperatures from 790 to 2930K 4,5,6 with filament temperatures I0 - 20 0C

above the gas temperatures showed the need for obtaining a surface free of

adsorbed gas and of keeping it clean during the measurements by working with a

clean vacuum system and high purity helium. To obtain these conditions the

surface was flashed to a high temperature, about 200000, to clean it of adsorbed

gases then the measurement of power loss in high purity helium was carried out

as quickly as possible. Roberts obtained values of 0.025 at 79 0 K, 0.046 at 1950K

and 0. 057 at 295°K. Little work has been done on the accommodation coefficients
of gases on filaments at 8000C and upwards, the reason being the strong depen-
donee of radiation on temperature so that the power loss to the gas becomes an

increasingly small fraction of the radiation loss and the resistance change
smaller.

lfann7 , measured the accormiodation of helium, argon, hydrogen and oxygen on

platinum at filament temperatures ranging from 1000 to 10000C. In the method
employed the filament was one arm of a Kelvin resistance bridge; the
resistance and also the potential drop across the filament was measured. Gas
was admitted to a known pressure, the bridge rebalanced by increasing the
voltage across it and the new powur loss determined. Mann found that the
accommodation coefficient of helium on platinum at 1000C rose with time after
flashing at i000°C from 0.12 after -L min to 0.25 after 7 min; this indicates
contamination of the surface. At a filament temperature of JOOO C the value was

0.066. Treatment of the filamant at 100000 with oxygen reduccd the accommoda-
tion coefficient to 0.03 to 0.04. At temperatures of 1000 to 8000C a variation
of a with time interval from cleaning with oxygon at i000°C was noted, but the
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values obtained by extrapolating to zero time interval converged to a common
value of about 0.04. Mann concludes by saying that the variation of o with
temperature is small provided the condition of the surface is kept unaltered.

Thomas and Schofield8 report measurements of the acconnodation
coefficient of helium on tungsten over the temperature range -190o to +30 0 C
with filement temperatures of -1700 to +47 0 C. They used an evaporated 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.

9
Wachmann has studied the accommodation coefficient of helium on tungsten

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 metal
on the walls of the filament vessel to act as a igetter"for the reactive gases.
Filament temperatures of 5800 and wall temperatures of 31.7°C were used. On a
clean tungsten surface under these conditions helium was found to have an
accommodation coefficient of 0.020. Measurements with adsorbed oxygen on the
tungsten showed three or possibly four types of films corresponding to helium
accommodation coefficients of 0.065, 0.085, 0.107 and 0.185.

Meyer and Gomer10 worked on the energy exchange between the noble gases
and heated graphite filaments at temperatures from 8520 to 150200. Again the
filament formed one arm of a resistance bridge. The out-of-balance D.C. voltage
produced on admission of the gas was chopped at 400 oycles/sccond, amplified,
rectified, and used to drive an amplifier supplying part of the filament heating
current. This was used to rebalance the bridge by increasing the heating
current to res bore the filament to the original temperature. The current
increase Ai was measured. In this method the power radiated was kept constant
and the loss due to free molecule conduction is given by 0 = 2Ri Ai watts
where R is the resistance of the filament and i is the current passed.

They worked with helium, hydrogen, neon, krypton and methane and found in
all cases that the power loss due to the gas was independent of filament tempera-
ture at any given wall temperature below a certain critical temperature which
was different for each gas. An accommodation mechanism of temporary adsorption
followed by evaporation at a constant temperature appreciably below the filament
temperature was postulated. When 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.

11
Do Poorter and Searcy presented the first work on the accommodation

coefficients of various gases on tungsten at elevated temperatures by the
classical method of measuring power loss. They measured the increase in current
when the gas was admitted and from it calculated the power losg 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 results for
helium are given; for neon they report an accommodation coefficient of 0.274 at
a filament temperature of 16070C falling to 0.236 at 18470C, 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 and it is concluded
that, as Meyer and Ganer postulate for neon and argon on graphite, a mechanism
of temporary adsorption followod by evaporation at a oonstant tenTerature
exists.

6-
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2 EPXEIMENTAL

2,1 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 conditions. 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 balance
deflection of the bridge galvanometer.

12It can be shorn that the power loss to the gas under constant voltage
conditions is given by

J~.i~ 3 dT AR(1
H )= e A a T3 uAR + 2 A

R

where H = power loss to the gas from the filament, watts

V2

- = the power input to the filament between the potential loads at afilament temperature of T0K

V = voltage between potential loads, volts

R = resistance between potential leads, ohms
ei = total emissivity of the filament at TOK

2
A a surface area of the filament, om

= Stefan-Boltzmann constant, watts am72 °K "'.

The assumptions in deriving this expression are

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

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

AT dT
AR -F

AT = temperature drop of filament, OK

AR = resistance change of the filament, ohms

dT
= reciprocal of the temperature coefficient of resistance of the

• filament at TOK, OK oku " l

(3) the presence of the gas does not change the total Mi sivity of the
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 filament as a result of the resistance change.
Since the voltage does not change the resistance drop causes a small increase 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 (i) used as it stands requires an accurate value for
this constant at each temperature used. This can be obviated by constructing a
watts versus resistance curve for each filament in vacuo and finding dVW/dR from
this curve at the desired temperatures. Equation (I) used in this form becomes

H = AR + (2)

This assumes that all the power is lost by radiation or gaseous conduction,
ie. the end cooling is negligible. Finally a the thermal aooommodation
coefficient is caloulated using the equation

Ha=
A z (C + R)JT. ~

2

where A = surface area oi' filament, cm

z = number of moles of gas striking I cm2 of surface per second

CV = specific heat of the gas at constant volume at the temperature ofv the filament, cals mole"I °C-i

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

J = mechanical equivalent of heat, joule cal
"I

(Tf -T = temperature difference between the filament at T fC and glass
wall at T wOC.

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

molar heat capacity of a molecular stream of gas molecules is greater than the
corresponding quantity for a still gas.

2
The number of moles of the gas striking I am of filament surface per

second, z, was calculated using the following expression derived from kinetic
theory.

19==3,537 x 101

N (MT)"

-8-
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where p = gas pressure, microns

M = molecular weight of the gas

T. = temperature of the impinging molecules

N = Avogadrds nuaber.

2.2 Apparatus

The Pyrex glass apparatus is shown diagrammatically in Fig. l. The vessel
(1) 5 om dia, 33 cm long, containing the filament (2) was connected on one side
via a liquid nitrogen trap to a conventional pumping system of backing pump and
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 T2 were lubricated

with Apiezon L grease* and also the cone and socket joints (12). 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 pressure of the gas after sharing with the filament vessel by.
opening tap T was measured by the Mcleod gauge attached to the storage vessel.
This was a costant compression Meleod gauge reading to ±0.025 microns pressure.
A liquid nitrogen trap was in the line between the gas storage vessel and the
Mcleod gauge. Both the filament and gas storage vessels had appendices cooled
in liquid nitrogen for the experiments with the platinum filament. During
experiments with the tungsten filament, done after those with platinum, the
appendix on the gas storage vessel was replaced by a flask containing outgassed
charcoal, cooled in liquid nitrogen, 11. Ultimrate pressures in both vessels were
read with ionisation gauges, I.G. i and 1.G.2. The Pt. filament was gripped by
small steel pin chucks (4) which wore screwed and bolted into water cooled copper
blocks (5); the copper tubes (8) for the water cooling were also the current
conductors and were sheathed in glass tubing so that they could be used as guides
for the leads to the potential contacts (9) on the filament. The platinum was
0.40 mm diameter of total 1i ngth between the pin chucks 20.4 cr. The potential
leads wore of 0. 1 mm platinum wire, 5 am long, spot welded to the filament and
12.30 am apart.

The other ends of the potential leads were welded to 0.4 mm platinum wires
led out of the filament vessel through copper capillary tubing soldered into
housekeeper seals (10).

The tungsten filament was held differently. After electrolytic polishing
in 407 NaOH solution it was 0.46 mm diameter and was spot welded to 2 mm diameter
molybdenum rods which had been brazed into stainless steel rods with 2 BA threads
and screwed into the copper blocks, as were the pin chucks. This mounting method
was used as it was desired to ago the filament at high temperatures and to flash
it at 24000 for cleaning before each measurement. The potential loads wore of
0.1 mu tungsten wire about 5 cm long spot welded to the filament and to 0.4 mm
platinum wires led out of the vessel as for the platinum filament. The total
length of the filament was 21.47 em and the potential leads were 10.99 cm apart.

* The vapour presswe of Apioson L roaso In given by the manufaturoes an

1 0 to 10 1 t mm Hg at room tmporature.

-9-
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The power for heating the filaments was obtained 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 I x 10-4 ohms, and 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 balance
bridge current against time could be obtained.

2.3 Experimental procedure

Since the procedures with the platinum and tungsten filaments were
slightly different they are described separately.

Platinum filament

The temperature distribution along the length of the filament and the
watts/resistance characteristics were measured by heating to different tempera-
tures in vacuo. The resistance between the potential leads was measured with
the Kelvin bridge and also calculated from the voltage dropped between the
potential leads and the current through the filament; the voltage was measured
by a potentiometer to -0.1 mV and the current to O.1 mA from the voltage drop
across a 0. 1 ohm standard resistance in series with the filament. The two
resistance values agreed to within 0.1 percent. The temperature was measured
with an optical pyrometer, calibrated against an N.P.L. standard lamp, and the
readings corrected for spectral emissivity using the values given by Goldsmith,
Waterman and Hirsohorn . Values of dW/dR were computed from the data for the
temperatures 9100, 11000, 13200 and 1500°C.

For an experiment the filament was set to the required temperature using
the resistance temperature data, and the optical temperature checked. All this
was done in vacuo with the filament vessel o pen to the pumps and with the cold
trap and appendix of the filament ycsgel (13) cooled in liquid N . The background
pressure in the apparatus was 2 x 10- mm with no measurable doias rate over a
period of one hour after isolating from the pumps. The bridge was balanced.and
the requisite amount of test gas admitted to the storage side. The chart drive
of the recording galvanometer was started and a calibration deflection of a
I x 10- ohm change was made on the Kelvin bridge. Tap T1 to the pump was closed

and T2 , the gas sharing tap, opened about one second afterwards. The deflection

due to the resistance change of the filament was completed in about five seconds,
and after about one minute T2 was closed and T1 opened to the pmups. The

pressure in the gas storage vessel was then road, this being the pressure in the
two sides of the apparatus after admission of the gas to the filament vessel.

After experiments with helium on the platinum with no pretreatment,
measurements were made after treating the filament while at 13200C in a stream
of oxygen at one micron pressure, the flow being controlled by the noodle valve.
After 10 minutes of this treatment the flow was stopped, the oxygen pumped out,
and the filament set at the roquirod temperature if differant from 132000. Then
the test gas, which had been admitt d to the gas stoasgao Vosesal, Wa stled With

- 10-
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the filament vessel, after the tTaoe of the bridge galvanometer had become
stable. This took about five minutes. This oxygen treatment was done as it was
suspected that carbon contamination of the filament was oocurring.

A typical resistance change trace for argon on the platinum filament is

shown in Pig. 2.

Tungsten filament

In working with tungsten it is necessary to be able to flash the filament
to about 24000 C to remove the ohomisorbed oxygen which has a heat of adsorption.
of 180 Koals mole-1 for a complete monolayer-1 , corresponding to a heat of
desorption as oxygen atoms of 148 Koal gram-atcn- 1 . A double pole double throw
switch was inserted in the external leads to the filament so that it could be
connected to the stabilised power supply or to a D.C. rectifier capable of
giving enough power to heat the filament to 24000C. The apparatus was also
dismantled and baked in air to 4500C before putting in the tungsten filament,
which was then heated in vacuo at 20000C to ago it and thus stabiliso its
resistance. During this ageing the vacuum slowly improved probably due to
dogassing of the glass and finally became steady at 2 x 10-FRm with all liquid
nitrogen traps on. It was found that with the filament cold and the apparatus
isolated from the pumps the pressure rose to about I x 10-5 mm overnight. No
runs were done on any day until with the filament on at 200000 and all liquid
nitrogen traps on the pressure went down to 2 x 10-7 mam.

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

From the analysis of the gases 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 nitro on temperature. A flask
containing charcoal (11) 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
minutes. Tests with oxygen and nitrogen at a few microns pressure showed that
86 percent of these gases were adsorbed by the charcoal under these oorditions.

The best flashing procedure for cleaning the tungsten was found to be
flashing at 24000C for 15 second periods at I minute intervals until two
successive flashes gave no observable pressure rise from 2 x 10- 7 on. Two or
three flashes sufficed. Longer flashes caused the pressure to rise unduly e.g.
a two minutes flash caused a pressure rise to about 2 x 0- 6 rm, this being
considered due to the rest of the apparatus warming up and disengaging gas. The
test gas was admitted after about 3 minutes when the resistance had stabilisod
after the last flash. A typical galvanometer trace showing the resistance
change at a filament temperature of 10620 on admission of helium is shown in
Fig.3. The upper temperature for measuring a on the tungsten filament in the
apparatus as described was found to be around 15120C. A resistance change trace
at this temperature is shown in Fig. ). It can be seen that after the initial
rapid resistance drop on admission of the gas there is a slower rise and the
reverse occurs on pumping out. It was found that the secondary effect was duo
to a slight resistanao oharno in the long current oonuitors to the bottum of
the filament* The. were heated by radiation from the filament and aiaisson 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
of about i700°C the effect was very marked the secondary resistance change
being greater than the original cooling change.

2.4 Purity of materials

The platinum wire used was of Thermopure quality, given as 99,999 purity.

The tungsten wire was analysed after eleotropolishing and the analysis
was: -

Impurity content
Impurity Atomic percent

Carbon 0.10
Iron 0.18
Thorium Nil

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

Impurity content, ppm by volume

Helium Argon Nitrogen

12 6 - -

H2 1 0.5 1

Ne 30 - I

02 25 5 10
N2  30 40

CO2  6 5 5

After exposure to the charcoal at liquid nitrogen temperature the impurity
contents were estimated to be

Impurity content, ppm by volume

Helium Argon

H0 Nil Nil
2

H2  not estimated not estimated

NO not estimatod not estimated
02 3.0 0.8

N, 5.0 6.6
002 Nil Nil

- 12-
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These estimates are based on measured adsorptions of oxygen and nitrogen in the
apparatus with the charcoal as subsequently used, ar uming the most pessimistio
oase, viz. that at partial pressures of oxygen and rftrogen of about I x 10-4
microns the amount adsorbed on the charcoal is proportional to the pressure.

2.5 Aocuraoy

Temperature was read to 50C on an optical pyrometer whioh had been
calibrated against a standard N.P.L. lamp. The temperatures were corrected for
the spectral emissivities of tungs en and platinum using the data given by
Goldsmith, Waterman and Hirschorn1 . The measurements of filament area and
dW/dR are estimated to be ±2%o and ±3% respectively.

The accuracy of the measurements of the resistance changes vary with the
temperature, since the changes were smaller at the higher temperatures and also
varied with the gases used, because of the differences in the aocxrnodation
coefficients of the gases. After allowing for the errors in reading the
galvanometer deflections the overall accuracy of the accommodation coefficients
on tungsten is estimated as follows

Accuracy of thermal aooomnodation

Filament temperature coefficient, percent, for
OC

Helium Argon

800 ±7.0 ±-55
1062 ±8.5 ±6.0

1285 ±±00 ±6.5

1512 ±12,0 ±7.0

The errors for the aoccnuodation coefficients of helium on platinum are about 1i
less and those for the argon and nitrogen on platinum about 0.5 1 loss than those
on tungsten. No corrections wero made for the variation of the temperature of
the wall of the filament vessel. It was measured with a contact thormooouple at
each filament temperature but the corrections to the calculated aooomnodation
ooeffioionts were all less than 0. 5," and so wore ignored.

The temporature of the impinging gas molecules was taken as 300 C in

calculating the aooommodation coeffioients.

3 RESULTS

3.1 General

In all cases the power loss to the gas at each filament tompereture was
measured with several different gas pressures up to about five microns aid the
power lose was always found to be proportional to the gas pressure. The beat
straight line was drawn through the experimental points and from this the pover
loss in watts on- 2 mioron' 1 was estimated an& the aoommodation coefficient
oaloulatod 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
acconmmodation coefficients are given in Table I. There is a large drop in the
m in going from 13200 to 15000C filament temperature. It seems that the surface
of the filament has been cleaned up at the higher temperature. Carbon oon-
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 150000. Because of this no further runs wore done at
this temperature and the power loss measurements at the lower temperatures were
repeated, after the filament had been heated at 13200C for 10 min in a stream of
oxygen at about 1.0 micron pressure before each power loss run.

Pig. 6 gives the power loss against pressure for helium and argon after
cleaning the filament in the above manner and the accompodation coefficients
are given in table I which includes the results for nitrogen, also on oxygen
cleaned platinum.

The accomodation coefficients are all lower than those found with the

untreated platinum and are indeperdent of the filament temperature.

3.3 Tungsten filament

The results for the power losses from tungsten to helium and argon,
flashed to 24000C 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 ehemisorbed layer would. be
formed at the temperatures used in the experiments,

4 DISCUSSION

In any accnmodation coefficient measurements with tungsten the first
question one must ask is what is the degree of cleanness of the surface, that
is, what is the extent of surface coverage with adsorbed oxygen nitrogen and
carbon-monrxide? In this work there is no doubt that with a background pressure
of 2 x 10- mm and a flashing temperature of 24000C the surface should be
cleaned of nitrogen and carbon monoxide. Carpontor, Humphries and Mairi 5 have
calculated that at a filament temperature of 2700° and for a surface cover e
of 10- 2 the equilibrium pressure for CO is 2 x 10-* m, for N2 it is 8 x 'O m,
but for 02 with O.1 surface coverage it is 4 x 10- 7 mm. This messure is only
twice the background pressure obtained in these experiments.

Fig. 9 shows that there is only a small change in the accomnodation
coefficient on increasing the time interval between flashing and admission of
helium. If the residual gases had contained appreciable oxygen then the a would i
have increased markedly; for example a measurement at 106200 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 crystal orientation
by X-ray diffraction and it was found that the 110 plane had a preemd
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orientation; an angle of only a few degrees was found between the [110] direc-
tion and the wire axis. Microscopic examination of the surface showed equiaxed
crystals about 10-1 mm diameter, with some thermal etching of the grain boundaries,
Fig. 10. Calculations were made of the fractional coverage of the surface
assuming adsorption as atoms of all the residual oxygen arm nitrogen remaining in
the helium after exposure to the charcoal. The umber of W atoms available was
taken as 14.24 x 1014 per em2 for the 110 planelb. The results were coverages of
5 x 10-5 for oxygen atom ard 1.3 x 10-4 for nitrogen atoms, a total coverage of
only 1.8 x I0-4. 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
low values ard secondly the fact that the value is independent of temperature,
over the range investigated 8000 - 151200. The value of 0.018 obtained should be
compared with that obtained by Waohmann, viz. 0.020 for a filament temperature of
5800 ard the results of Thomas and Schofield, viz. 0.015 - 0.017.

The following table brings all these results together

Comparison of a of He on W at different temperatures
as temerature Filament

OCt temperature

Thomas and -190 -170 0.015
Schofield -135 -117 0.016

-80 -62 .O16
-30 -14 0,.17
+30 +47 o.o17

Waohmann +31.7 58 0.020

Present work about 30 800 0.018
1062 0.018
1285 0.018
1512 0.018

These results indicate that the a is about 0.018 over a temperature
range of -190° to 151200 and this is true for small or large temperature
differences between the tungsten and the helium.

11
Do Poorter and Soercy ,, report one result for helium, an a of 0.179 at a

filamont temperature of 15970C. This is about ton timas the result obtained in
this work at 151200. The results of these workers for argon on tungsten are
oumpared with the results of this work in the following table

- 15.-
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Thermal Average temperature of
Filament acoodatio gas moleules leaving

temperature coefficient the surface

OC A/W c

This work 800 0,25 222
1062 0.25 288
1285 0.22 308
1512 0.23 368

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 surface calculated by
De Poorter and Searcy is close to the lowest filament temperature used in this
work(8000 C). The mean evaporation temperature 7190C should give an a of 0.89 if the
concept of a constant evaporation temperature holds, but in fact 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
ovaporation temperature of the argon is characteristic for a surface contaminated
with adsorbed oxygen but the present work indicates that it is not the case for
a clean tungsten surface.

Fig.11 is a plot of the power loss against filament temperature for helium
and argon ad can be interpreted as indicating a direct proportionality between
evaporation temperature of the gas atoms and the temperature difference between
the filament and impinging gas.

The results vrith the platinum filament show the same trend as those with
tungsten, viz. constant a, and power loss proportional to filament temperature,
see Table I and Fig. 12. The a values are higher than those obtained on tungsten
although the atomic mass ratio gas/metal is almost the same in both cases. The
values for helium on platinum, 0.026, are close to the value found by Mann 7 ,
viz. 0.030 and his observation that the variation of a with temperature is small
is fully substantiated in this work. On the other hand he found an a for argon
of 0.36 at I00°C (present work 0.38) rising to 0.50 at 2000C indicating a
dependence of a on temperature for argon. It is possible that the higher values
found at the lower temperatures could be duo to impurities in the argon he used,
oontaminating the surface. The purity is given as 99.5 , the impurities not
being stated.

Diatomic nitrogen behaved like helium and argon on platinum in showing a
constant a over the temperature range with a power loss proportional to the
filament temperature. The calculated power losses assuming complete aooommoda-
tion for translational energy are 1.8 times the experimental power losses at the
different teeraturos. Therefore sinoe tho thornMi aoo odation of the
nitrogen is less than that corresponding to complete aocomodation for
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translational energy no conclusions can be drawn regarding the participation of
the internal degrees of freedom in the energy exchange process. It is odd that
the accommodation coefficient is independent of temperature. This could mean

-that the accommodation process does not change with tomperature.

The outstanding feature of the results obtained in this work Is that the
monatomio gases helium and argon have accommodation coefficients on tungsten and
platinum which are independent of temperature. The actual values however are not
independent of the nature of the solid being greater on platinum than on
tungsten. There are some grounds for expecting a higher accommodation coefficient
on platinum. Goodman 1 7 has calculated from theoretical considerations an a for
He/W of 0.018 and for He/Pt an a of 0.037, at a gas temperature of 3000K.

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

the ratios and / the figures being 13.2 and 144 respectively. If the

accommodation coefficients were directly proportional to the mass of the gas
atom the ratio should be 10. It would bo of interest to do a series of measure-
ments with the other inert gases to invostigate this more fully.

5 CONCLUSIONS

(1) A method is described for measuring the thermal ascomrsodation
ooefficients of holium and argon on tungsten at temperatures of 8000 - 1512 C,
after flashing at 2400C, and of holiumargon and nitrogen on platinum at
9100 - 132000.

(2) The acconodation coefficient of helium on tungsten was found to be
constant at 0.018 over the temperature range 8000 - 15120C.

(3) The accommodation coefficient of argon on tungsten over the tempera-
ture range 8000 - 15120 was found to be nearly constant at a mean value of 0.24.

(4) On platinum, cleaned in one micron pressure of oxygen at 13200C,
helium, argon and nitrogen all show constant aooomnodation coefficients of
0.026, 0.38 and 0.34 respectively over the temperature range 9-100 - 13200C.

(5) The accormnodation coefficient is not independent of the nature
of the solid as the results on platinum are higher than those on tungsten.
Nevertheless the ratio of the accomnodation coefficients of helium and argon on
tungsten is close to the ratio on platinum.
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TABLE I

Power losses and aoconmodation coefficierts of helium, argon and nitrogen
on platinum at different temperatures

Filament Pretreatment Power loss Aocomdation
Gas temperature of filament watts om ioron -  ooefficient

00 x 10

Helium 910 None 0.41 0.17
" 1100 None 0.48 o.16
i 1320 None 0.56 o.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 0.36 0.38

1320 0.43 0.38

Nitrogen 910 Cleaned in oxygen 0.51 0.34
" 1100 t.61 0.34

1320 f " 0.75 0.33

* Cleaned in oxygen irdioates that the filament was heated at 1320 0 C for
10 minutes while oxygen at one micron pressure was passed over it.
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TABIZ 2

Power iosses and. aooonmodation .ooeffioienrts of helium aid argon
on tungsten at aifferent temeratures

Filment ~ Power loss

temperature w s 2 icron1

800 0.038 0.018
1062 0.052 0.018

Helium 1285 0.061 0.018

1512 0.073 0.018

800 0.167 0.25

Argon 1062 0.228 .0.25
1285 0.2+2 0.22
1512 0.302 0.23
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FIG.IO
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