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CIAFTER &
IETRODUCTION

The ever iIneresaing use of glass in industry, sand
in the construetion of ladborstory apparatus, hsas cre-
ated a need for nors dasle ressarch on its properties.
The diffusion of gases through glass s of interest to
those involved 1n the deaign of highevpeuum apparatus,
such as electron tubes,snd may also offer some insicht
inteo the structurs)l characteristics of the glass,

In this study, helium and neon wers chosen as the
diffusing gasses. This choice was made since thelir phy-
sicsl propasrties sugzgested the probebility of rapid
diffusion, Thelr inert nature also suggested that ine
teractions with the gless should be less important
than with non~inert geses. In this case ths diffusion
should obey & linesr diffusion equaticn for which e
solution could be esasily obteained. the terz "pyrex®ias
used to indlcate s Corning 7740 gless.

Until the work of Rogers et.al.(l) only measure-
ments of steady atate flow rates had been made, Theae
yielded velues for the permesbllity constant bdbut nct
for the true diffusion coefficients. Rozers et.zxl, cb-
tained values for the diffusicn coefficient for helium

in pyrex glass Dby suddenly putting helium intc a py-
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2
rex ecylinder and observing the diffusion rate with an lon-
ization gauge. The term "pump-in" method will be used to
designate a procedure of this sort, where initially there
is no gas inside slther the c¢ylinder or the glass walls of
the e¢ylinder and where the diffusion rate 13 recorded from
the time gas 1s admitted until near steady state eyuilibe
rium, In this method, s pressure gradient exists across
the glass while observations are being made, The term "pump
out" method will be used to designate a process where steady
state equidibrium 1s first achlieved under a pressure grad-
fent,the gradient is then removed,and observetions are made
while the gas diffuses out of the glass,

Hayden and Wehrenberg (2) made a study of the diffus-
ion of helium through glass using the pumpeout method. This
study is ﬁ continuation of that project, Additional diffus-
ion ecoefficlients for helium at different tempsratures have
been obtained by both the pump=-in and pumpe-out methods.
Values have alsc been obtained for neson by both methods,

The diffusion ratea are observed by means of a cone=
timiously pumped mass spectrometer, and recorded on a
Brown recording potentiometer. The observed peak height,
of the recordsd data, is proportional to the diffusion
rate, or flux and from this the diffusion coefficient

for the gas, at that temperature,cen be calculated,
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3
Subsequent chapters deal with experimental technigue,
the derivation of equeticns which deseribe tns pump-in and
pump=ocut methods,the experiment:l results, and the snalysis

of the experizentel dsta,
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Flate 1 zives a schenstie Jdiazran of the exparinantal
arranzement., The tube throurh which the ges A1ffuses conw
zists of a gooction of 12.00 mn o0.d. pyrex tubing having s
wall thickness of 1,20 mm. The gus 1s Lrhen passed into a
mass snsetromater, Jelative pesid hei.snt 1s then recordsd,
In tie case of hellua at higher tenjarstures,measurenents
rere wads over shout three crders ol mepnltude,

as Cevporatire of tie alffMisicn cell weaa set and guse
telnad by means of & nichrowe furnace conneotsd to & Vare
1se. It ves monitored by meens of an lronevonstenton there
moacuple snd a Leeds and Northrup type K potentiometer. A
roush graph was prepsred Indisating ecuilibrium tex)ere
ature as a function of furnasce voltage. This wes used a8 »
Euide in setting the furnace at the desired tempersture.
Varisble rocm tez erature snd varlable line voltare made
e process of puccessive ap;roxizations neceszary howevar,
the tempersture wes sllowel to stebilize for ebout four

hours and thsn the sample was zdxitted into the diffnsion

cell.
Fresasurss in the uneipzhdorhocd of 76 em were used for

the hellum and 30 ea £ r the nusone. The pressure wss observe

ed on a mercury manometer,
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The mues speetrometer was e €0 degree Instrurent heve
ing a & in redius of curvature. Sazples on the order of
10~8 ¢0 st s.t.p. were cbservable,but no sbsclute esl-

ibration of the instrument was uniertmiken,
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L% 3 IR E

In this section, scuatlicns are derived which desoribde
the diffusion process, The results derived here will Ge

used to interpret the datas obtalned,
Io 8% 2I-FULI0L Ko ATLUA

Por any systen im which matter is sonsorved,tne

e uetion of ¢cntinuity must held,

i

(1) TeJ == 28
2%
J 1y cslled the current density snid 1ls defined by the
relaticnships
(2) T = e(x)y,tz)\?

where V represents the velocity at point (x,¥y,2 ) and‘o
is the denasity.

In the ocase of diffusion, the following relationship
1s ususlly aasumed,

(3) T =-pvpe
This equation 1s often called Plck's law of 31ffusion,
D 1is a constant of praportionality eslled the Jdiffusion

coelficient or constant,
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Substitution of (3) into the continuity equation (1)
Yields:
(L) bvie= 3E
™is relstionship 1s ealled the diffusion emuation,
3ince the experimentel set=-up hes cylinirical
symmetry, it is coavenient to work in s eylindriesl

eoordinate system, Fguation (4) tekes the forms

€ . L 36 - 1. 3¢
(5) 57 Y 3v D 3¢

Where: T is the inner redius of the diffusicn cell,
b i1s the outer redius of the diffusion cell,
T 18 the langth of the cell
Y {s the reldisl distence from tre axis of the
cell,

If, THZ 3TEADY LT7AT0 woLUTICOH

ifter lonz periods of time, 2% - o and:
r ¥«
(5) _g’v_ vy d%¢ —~
Sl Se) e R4aYLh
whence
(1) e= Adn(r) + 8

A sand B ere constants of integreticn., If the followling
boundary sonditlions are assumeds

tzao ela)z e, : (W)= €

b}

thens

(8) )= o (1Invx/la)+ &, (1n 5/r)
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Unde® pump-in ecnditions, this sclutlcn becomes:

(9) P(X « Po Ln
In

ols |

since €|=0 -

1II., THR STEALY STATE iUkP=IH FLUX

The smcunt of geas diffusing into the espectrometer

under stesdy stsate conditions In unit tims 1a given by

{10) Q= & —(_Dve>-3’n'ds
Lo b
since the diffusion 1ia in the radisl direstion, this

reduces tos

(11) q:-;VALD(VP)fo
end hences
(12) G- smLDe.
iln b/

This stesdy atste flow 1a proportional to the initiasl
prezsure snd to the diffusion eonstsnt,

IV, THE S0LUTICH BY SEPARATICA OF VilRlasll.s

Assums s plnt)= RIY)TT (t)

Then A 18 & sclution of t-.e¢ differentisl o .uation:

(13) 20 L 1. R . 2R
ar2 LA

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T 8 a sclution of the differential eguations

(14) a7 _ 9?0 T
G
of 218 the separation constant. Bouation (ll) has the
solutions JinE
— - D
(15) T = Te %

The substitution z2:=o I reduces eyuation (13) to
Bessel's eyuation of order zero. 3ince the range of »
does not include the origin, the solution will be a
combination of Bessel functions of the first and
second kind,

(16) Liv) = A Ja {ar) =~ B %'(0("‘)

Ve BOUNRDARY CONDITICHS O THE SCLUTICH

The solution to the differential e uation must sate
isfy the boundery conditions for the experimental aset=-
up in order to be of any velue, Both pump~in and pumpe
out solutions casn be obtalned from & single calculetion
if the following conditions are imposed.

plR.t)= €y PUbt)= 5 ©(N0)=Fv)
If the temperature is assumed constent, then the surfuce
conditions are independent of time.

Consider the eyuatlion:

(17) vy -4 2=

Suppose a solution 1s needed in & region U with:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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11
the boundary conditions
Ve flx,y,x,¢ ) slong the boundary
and the initial conditiont
Ve f{xy,8 ) at t g O
Assune that V can be regresented by the sume of two other
funcetions} Ve u + w with the following properties,

(a) wu is & harmonie funetion whiech satiafies the
boundary conditions on equation (17).

f1e V’u-=o tu = F(xX,7,%,t) on the dboundary
(b)) wix,y,2,t) 18 a solution of equation (17) which
varniishes on the boundsary and s such that u + w
e T T T e Ly
eolutions.
A funotion V. whioch ean be represented in the above manner
will satisfy the diffusion equation,the boundary condition
and the initlal conditim , The solution 1is then unique,
The steady state solutior, equation (8), is hsrmonie
and sstisfies the boundary coniitions on the sylinder st
a end d . In order to satisfy property (b) above, the
constants of eguation (16) must be chosen in such & way
that R vanishes slong the surface (at a eund b).A superw
position of thess functions must then be taken in order
to satiafy the initial condition,
Eyuation (16) becomes then, on the boundarys
(18) R(a)= RJUs(d4) 4+ g %o (dQ) =0
(19) R() = Ade(db) + B Y (D=0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



For a non=triviel sclutiocn, the determinant of the
coefficlents must venish end so:

(20) .Jo(ota,)ﬁ’o(o{b)Jo(a/L)% (@a) = ©
If we take f-Y) (dbthent B:= -doldb)
Equation (16), ie. R(r) vanishes 1ldentically when r is
ecual to b. By equstion (20) it also vsnlshes when r
is eq1al to a. The roots of equation (20),49,., are
kniown to be real snd simple(ly),and fruther more, to
every positivae root 9, , there corresponds a negative
root—d,.

The only condition remaining is the initisl con=
ditlon on the solutlon: ((v,0) = £
This condition c¢an be satisfied provided that F(r) can
be expanded in terms of the Ressel functions. Fir) is

egual to f(r) - (steady state solution).

/m/‘ré (damb) Jo (o F) - Joladam b W) ¢ o *))
B Up (damt)

If this is aasumed, then the constants in the ex-

M8

(21) Fcr)-=

?thi

pansion given by equation (21) can be obtalned by multie

plication by rU,(4,.r) and an integration:

b o b
(22) gr s (o ¥) FCAT= T jf?m IL (Ao &) Tk (U F) &/ 4
7”:[
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It d and g are root, then the integrals have the values(5)s
f FUo G r) Vs (Br) ly=0

f"‘Ua (de)clr= 2 L J&wa)- J,}‘ ""i‘?.?]
2 TS Jof (¥ Q)
Substitution into equation (22) ylelds:

S
(23) ‘ngf"‘)r‘_Jo(l‘q’.,.)dlr: { A U “telp ) d
Qa Q

Zz 2 B
/?-n: Z’:Qj—n Jo [d'naJ j‘r"tL(q’«T)F(f')d*‘
2 (ool 23~ o* duk)

VI. THE PUNP=IN SOLUTICH

Under pump-in conditions, o, 9 =o and eyuation (9)
is the required solution (u) to Laplaces?! eyuation, Then

for F{r) we have:

(2) Ferd =- 4== G Zm &/r)
Zn b/la

Equation (23) becomes:
T z b b
(25) Bn= - 7t o Jo(d”")eo J.ﬂLjy-‘Ugdr-“(l"lm Y“U;C/)‘g
21m 5‘?—('};{4‘»‘1 - J:(q’ﬂ 1’))
The reyulred integrals ere (5).

Jolo 2)- Jo (A4 8) g
7142y (o )

a a

L
(26) ero @r)dr= 2}

&
Jocta)yImé - Jo @)1 na
F Ul da ror= 2
(27) aj )L 5 Ta T 0 a) _%

Upon substitution, equaticn (25) simplifies into:
(28) 2, 77 ofo (o) Ja(q/.,,é) Co
d& (dma) - I3 (db)
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The expsnsion of equation (24) le gilven Ly

(29) Fov - 2-‘1” T do(dm) Jo (dab) & U ldnt)
e LI B (dma) - g (dm k)

The finel msclutiocn to tnhe pumpe3in eyuation 1s given BJ3

(30) P t)= € dm blr
l» bla

+ f CoiT Jo (dm Q)Jo(danﬂa) U, (A r)‘e._oq/_"zf’
P dZ (And)- JEdm k)

VIife TH® iUnbeli FLUA

The flux into the spestrozetsy during pump-in is glven

byt
Q=-27 4L D (2€)
(31) v ‘e
Now 3 T- has the value (5).
b ::v:ca/»),_c/(z )
{32) 2r 74y

The equetion for pump-in flux reduces to:

(33) Q=2744DE 2—‘1_" ST L D £y Jolodm 2)d, o ;”"’*‘L
/> b/a 72 d A ma)~ 2 (o b)
The first five yoots of eyuatien (2C) are ziven 4n

reforences (5) and (6). These are, for velues of /s
eyusl te 6/%
Q’,-‘-" 31-1}028 9’1_—‘—' 63-&252 Qj3= 9&-2’43& J.,.-: 125.660!}.

de- 157.0770
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To the degree of accuracy with wiich the experimentel
measursments were taken, o, ¢an be replaced by /o0 77T ,
Thia implles that the diffusion rate ls not particularly
sensitive to physical geometry and that this problem is
ejuivalent to diffusion through a slab having the same
area as the mean cylinder and the same thickness as the
actual tube,

A value of .5 cm was used in the roots,soc the rast

of the quantities should be in egs units,

VIII. APPRCXIMATICNS FC? THE BESSEL FUNCTIONS

The Bessel functions sppesring in the soclution can
be approximated by means of the Poilsson asymtotic form

for large values of the inde-endent variable (7).

2 \h§, (2-7)[ 1= 1™3° 1—1,"31'-5”2-_7_}__..-]
(34) JOM)N/WJ\ Jeos 7){ LA E

2 T LT T
S + - JT I R S
tsm (P e L ]

It has been shown that the error introduced by truncating
the series is not larger than the last term thest 18 car-
ried (7). If only first order terms ars usod, then the
error is abtout ,1 %, vhich 1s less than the experimental
srror. To first order terms:

‘35) cJo (c/-na,) Py (-l)ﬂ
TVSESA
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(36) do(dn b),.__,_ﬂ_!;f___.;z (37) ofz /0T
a S G

(38) do(d’ﬁb)do(a’ma) %__/)7!‘[3_'0' b . 6 cmn,

2 atm @) ~ doZ(dn b)
Por snall values of time, the time dependent part muat be

nearly ecual to the negative of the steady state solution,
since the flux ia serc at t equal to zero., The adbove approx-
imations have the effect of replacing the term:

(39) 2 5% by V35—
It is reassuring to note that these sre indeed very nesarly

eual,
Using the epproximatiocn implied by (39),the eyuation
for pump-in flux reduces tos

s 0] 2
Wo) g: zrho e s, 3 S comat Y
In bja P

IX. THZ #UORPwQUT SCLUTICN

The boundary eonditions for pump-out arei
pla, é) = plhb,t)=0 3 QP(ro)= CQ%%;:
Since the functions U, (v« r) satiafy the boundary conditions
at & and b, and the differential equation, it is only neo-
easary to take a combinatlion of these functions which sat-

1sfy the inltisl condition:

FerY= p(rd) = G ™ b/t
= bla
The cocefflclents in the expsnsion will be exactly the same

as in the pump-in case, except for s minus sigzn.
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The solution to the pump=-out eyuation 1s therefore:

(’.]..1) P(\",f) - E)o‘,‘r ‘E, dJo (dr @) Jo(dﬂLL_ ‘C); Codn 1) Q-Dq/o."t'
7 Jgt(dm @) -d g (dmb)

X. THE PUMP=-OUT FLUX
The flux during pump-out 1z given by:

{hZ) q)_— - 474D s fo C=r) 7.2"04'"2*
14’ b/a 7!

= -
Lets 2 :=cron)*nt Fe2)s 2 07

2

O Vlt

(U3) Q= Padecsty Hite §-2 F (2
Values for F(z) were computed on the Montana State
Universlity I,B.M. 1620 computer by Nr. Ken Bakke, These
are listed in table I, Plate (2) shows a plot of this
funetion. Flate (3) shows the pumpein function (1 + 2F(=z) )
Por large values of ¢t the pump~out soclution has
the asymtotiec form:

(L) @~ ¥7¢Lhé PN

Lon b/a_.
ors

(45) 1.4~ l«}é_’i";{;__‘io_g — (1o7)pE
2 bla

A plot of 1n  versus t will have a slope of ¢ D,
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TABLE I

VALUES OF F(z) = z (-1)® EXP =zn°

z F(z) z F(z)
ol ~e1199999 2.1 -e122232
2 ~e1§99983 2.2 -e110652
3 - =el199133 2.3 ~0100158
ol -s1194131 2ely ~+0906502
.5 -o1481973 2.5 -+0820396
o6 -ol1625113 2.6 e OTH 2l 31
o7 -e{37598 2¢7 -.0671851
o8 -41109311 2.8 -o 0607961
o9 -e 379549 2.9 -,0550140
1.0 -+ 319687 3.0 -o0497809
l.1 ve3206Ul 3.1 = Ol SO} 51
1.2 -+292985 3.2 -« 0L 07594
1.3 -e 2670214 3.3 -,0368813
1.k ~e 2142902 3.l -.0333720
1.5 -.220653 3.5 =o0301966
T 1.6 -+200236 3.6 -.0273232
o7 ~¢181570 3.7 e 02147232
1.8 ~-e16}4552 3.8 - 20223705
1.9 -e119068 3.9 -, 0202417
2.0 ~+135000 T o
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PUMP IN SOLUTION 6G(Z) = 1 + 2F(2)

PLATE 3.



(vit BRSNS B § 4

BXCIRINTRNTAL DATA
In this chester, the sxperimental data are presented
end eanslyzed in pcocrdance with the theory developed in
chapter 11, The diffusion cceffliclents sre obtzsined and
tsdbulated,

I EILIUA TULP={TT D7TA

The logarithms of the observed peaik hsi-hta are
plottad eazainst time after pump=cut, The best straight
line {s thenn drawn through the polnts and the slope is
determined in the rezion where the peuk height has
fallen to about one tenth its initisl value. the ciffuse
ion eonstant i{s then civen bri

(46) D= 232
{g55)(68) To

where To 18 the time in minutes rejuired for the Lesk
helsht to change by a factor of 10.

Flates =9 shcw the pumpeocut dste as plotted on
semi-log peper. Tuble 1X liastas tne diffusiocn coeific~
fents for hnelium es Galculsted by this method,
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PLATE 4 HELIUM puUMP~oUT 310°
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TaBii 11

BRLIUM DIFPUIICN QUNGTALTS
PUEP=CUT WATACD

Temperaturs (C°) Diffusion Constant (em?/seo)
30 1.54 x 107®
218 1.62 x 10™°
332 1.92 x 10™°
349 2.05 x 10~%
352 2.36 x 1078
m 2.67 = 10~6
L16 kel x 107°
k51 5.03 x 1070
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I1. RELIUM PUNP=IE DaTA

Bguation (4C) for the ;ump-in flux can be written ast

(BT) 97 P f/+ 2F (DR = Cus + 2 Pu (D= Qo5 602)
For large values of t only the first term in the series is
slgnifizent snd; R

(4UB) (Pss- Q) = = @ssﬂ_(/oﬂ) o

(49) 2o (Pss-¢) = Loy 2 Pss - (rem7) DT
The diffusicn constant can be determined from the slope
of a plot of eguation (LY). rlates 10 and 11 show plots
of this typs for temperatures of 318° ¢, snd L416° ¢, The
steady state values however 1is Aifficult to deternine
with any degree cof accurescy. The maXxlmum pesk helght obe
sarved in & reascneble period of time 1a lams than the
steady stste value. A small change in temperature also
sauses a signifigant change in its value., Xor tas
reason,calculations involving the ateady state value can
only yleld approximate vsluss for the diffusion constints,
Adding a small constant to the observed maximun decreases
the calculated value of the diffusion ccnstant, This iie
plies that the diffusion constant caleculsted on the baasls
of the observed pesak maximum is larger than the true cone
stant.

If a feaily of surves of the logaritim of pesk hel:ht
versus t 18 plotted for different peak heiights nesar the

observed maxipum, then the curves bend to the right of to
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the left of some center str-ight line as 1s shown in plste
12. If this center strsight line is masumed to correspond
to the proper steady state value, and & yalue for the dif-
fusicn constent ia ealculatsd from ite slope, then this
value turns out to be 4uite ¢close to that esleculsted by

the pump-ocut method,

ats 318° D @ 1.6k x 167° on2/as0
L16° D = 4.35 x 10-¢ em?/aeo

Pumpeout values were:
318° D= 1le62 x 10-6 cmzlnoo
516° D 2 bo22 x 10°° em¥/sec

Valuss for D were alsc eéalculated from the pump-in
messurenents by fitting the experimental dsata to the
theoretical curve at certsin points,

Now G(l) = 3066 o If to is the time when the pesk
heizht has achieved ,3066 of its maximum value, then

b = qsgfo
aimilarly; 3(1.5) = 5587 end G(2) = <7997
D wvalues calculated for these three points on the 318°%un
are: D(.3066) = 1,67 x 10~9cm2/sec;0(.5587) = 1.66 x 10-6

em2/s00 § U(eT997) = 1.72 x 10-6 cm2/zec
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A ratio method has alsc deen uwsed, which dces not
depend on the stesdy state veiue.
Let: @, = Q%) @ = Q4)
sets Gr:= 29,
Values of t; snd t; can de found such that the pesk

helght at t2 1s twice that st t;.
Thens & =EL = Pss 62) = &)

—rn

O?a ¢S.S'6'('?z) G(;’_ E;)
Bows ?—2: ..ﬁ_EZ /( Da'/fz: D Q{f/

’
If 20(z) and G(2) are plotted and horizontal linss drawn
between the two curves ss shown in plate 13 then as the
points P) snd P are moved, t./t, becomes a function of
%1+ Flate 1l shows & graph of this function. The value
of D esn be determinad from the two times t, and ¢, sinoce
53 = 985 D t; . In practice,the functions were plotted on
& tvo ft, syuare section of graph peper and intermediate
points were linearly interpolated,

Teble III lista the vslues at variocus times after
pumpe-in up to sbout SO % of the observed steady atste
value, The constants ealculasted in this manner reprezent
& mesn value over the t; to t, time interval,

Initial diffusion seems to De somewhat faster tnan
&t near steady state. This is probebly due to a slowar
initial pumping rate in the mass speotromatsr and is

discussed fruther in the coneclusicns,
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PLATE 210 HELIUM PUMP-IN 3;8°
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PLATE 12 DETERMINATION OF STEADY STATE
FLow AT 318°
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13 RATIO METHOD FOR DETERMINING D
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TLBLE XIX

RZLIUNM OIPPUSION COELSTPLAETS
PUNP=IN EITICO

Tomperature g% t; (min) tz (=in) D (em2/3¢0)
310 3.22 3.68 2.33 = 10°%
310 3.68 he32 2.28 x 10~0
310 5.03 6.31 1.91 x 10%6
310 6.60 8.66 1.78 x 10~
310 11.44 22,0 1.66 x 1079
332 2.43 2.7% 3.13 x 106
332 3.72 4.8 2.41 x 10°%
332 1.25 10,52 2,12 x 10~
350 1.95 2.38 k.55 x 1076
350 3.50 L.28 2.81 x 10~®
350 5.50 765 2.4% x 10-6
372 3.77 4.77 2.86 x 10~®
m 5.27 7.66 2.83 x 106
373 6.5 12.18 2,67 x 106
416 2.52 3.38 5.Ch x 106
bi6 L.0O 6.83 L.51 = 10=6
L16 surve fitting Lell x 3078
451 815 981 1.02 x 10°°
451 1.50 1.50 Te32 x 10°®
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Ilte KEECH LATA

utudles were made of the dlifusicn of neon {n
manner similasr to that Lor helium. The diffusion proe
sssps L8 much slower. Times of the order of 24 hours
are reyulrsd for the pesk helint Lo decay two orders
cf magnlitude. Temperature é¢ontrol is 4ifficult over
these long time periods and for this rescson the ness-
urensnts sre noct as accurate ss those on the hellua,
Flates 15 to 18 show the pumpeout data,snd table IV

liate the diffusicn ecnstants,
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TLILL IV

BIACH LIFPUSICHE CLAGTAWTS
PUKP-CUT NETHOD

Temperature {(C°) oiffusion Constaut (wnZ/ss0)
. Lzo 3.25 = 10~%
425 3.51 x 107"
437 h.63 x 10~8
 h51 | 5.9 x 10°°
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Texperature C°

22
L2k

L21

L37
437
437

hso
Leo
Lheo

TABLY V

BB IFPUalcH onLu?

IUZF=IN VLIHOD

1
24060

350.0
L80,0

16040
2L,0,0
300.,0

180.0
240,00
3C0.0

321.90
515,.0
785.0

2)%.0
3:)6 O
L2040

23440
333.0
5The0

NS

D sz/ltﬂ

4.55 x 10™°
4.05 x 10-8
3.62 x 10=8

5018 X 10-8
.60 x 210=Y
k.b} X 10“6

605(} X IQ-B
5,68 x 10=®
5.60 x 15.8
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CTAFTIY V

CURSLUSICES
I. AJHI.NIKY OF THZEORY ok DXiiIMAT
Flate 19 ahows a plot of the hellum pumpecut data
for hlbo superimposed on the thecrstical curve. A vertical
sosle factor was chosen a0 thst the observed maximum of
2.5 voltas corresponds with .5 which 1s the theoretical
mnaximum, Plate 20 shows the sgresment bDetweesn theory
and exjeriment in the pump~in case., Ho attecspt was made
te mateh maxlioum values here. A vertical acals faotor wos
chosen to matelk Z.00 volts with 1 o the 2.8 value gave the
best f1t 4n the logsrithmie plot (eee plute ll),and was
retalned for this greph.

The close overall ezresment bstreen theory and expere
iment indleates tnat the flow process oecouring is vory
nearly one of pure diffusicn. The shepe or posltlion of
the theoretlcal curve iz nct teo sensitive to ¢ inges in
the vslue of the diffusicn ecnatant.

The vilue of the diffusion cornstent te »lve the Lest
£it is different in the tws eases j being L.31 x 10°°
for the puwp~out curve snd h,11 x 106 ror the puxp=1in

CLTVe .
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This may be indicative of soms structural change in the
glass undar pressure. In the pump-in case there ia a
pressure gradient across the zlass vhich is not present
after pump-out. At the beginning of a pump~out run, the
peak helight is observed to incrsass slightly over the
punp~-in steady state value. This effect is more notic-
shle with neon than with helium.(See plate 16 .) The
temperature 2lso inoreases slightly. At first 1t was
thought that this was due to the remxoval of ccavection
currents in the ¢ell at pump-out snd that the incresse
in peslt height was due to this temperature change. The
peak helght is observed to incresse however, even when
the temperature is maintained at & constant value by
redusing the wiltage on the nlchrome furnace.

Devisticons exiat in the long time region of the
punp-out curves, Ths semi-log plots are observed to
curve to the right of the expected straight line after
the peak height has decsayed by e factor of 100, this
ia probably due to gas sticking in the mass spectrometer,

A similer situation slso exists in the initial

stages of the pump-in process. During a pump-in run

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L7
the pressure in the mass spectrometer increases from
10" 'mm to 10"%um as indicated on a Veeco fonization
gauge, In the initial stages of a run, the pressure is
at 2 steady stete determined by the parameters of the
system,and the net pumping rate 1s zero, AS ges 1s
admitted to the system,the pressure incresses and so
does the pumplng rate. This competition between tne
pumping and diffusing procesczes may oe responsible for
the appsrent increese 1n the diffusion constant with

time ss calculaeted by the ratio method.
I, COMPARISCN OF [HE TwWO MeTHODS

The diffusion constants are more easlily obtained
from the pump-out data than from the pump-in data. The
conastants as ecalculated in the long time region of the
pump=in curves agrea fairly well with thosze obtslned by
the pumpeout msthod, The errors involved in both methods
are probably lerge,for the dsta-reductlon methods slready
indicated. Fitting the experimental data to the theoret~
ical curves probsbly ylelds the best values for the
diffusion constantg,but the lgbor involved 1s lurge. The
sizable varistlons in D encountered with the ratio method
may be due to any or all of the following:

(1) Errors in the interpolation greph (plate 1lli) due

to too widely spaced points (table I ).
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(2) Gas sticking 1in the spectrometer. In this case
the instrument tends initlally to integrate the
diffusion curve,

(3) A thin spot in the diffusion cell which initi-
ally allows too much gas through the systenm,
This would not effeat the pumpeocut data,end is
not a prodbable csuse since the observed effect

is too large,

Changes in the value of ) changs the horiszontal
scale faotor and hence the slope of the curve. is sesn
on plate 20, the curves tend to converge for values of
s less tuan 1l ., (8 is equal to 685 D t.) Changes in D
in this region do not show upy well on a greph of this
alze.

In that the curves used in the ratio msthod were
prepared with some care, it iz difficult to attridbute
more thap about & 20 4 srror to eslculestions st 3 = .3

andS‘,éatagl.
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PLATE 19 THEORY VERSUS EXPERIMENT-HELIUM PUMP-OUT 416°
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PLATE 20 THEORY YEASUS EXPERIMENT HELIUM PUMP IN 416°
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I11, ZXPERINIKTAL ERRCR3

The larzest systematlic error is due to poor tenp-
erature control, Tempesrature changes have two offects
on the datas. A sudden shift in the tempersture of short
duration tends to immedletely ratise or lower the ob=-
served pesk height, If the temperature is yuickly core
reoted, the pesk height returns to ites propsr plsace,

A temperature change whioh parsists for a longer pericd
of time tends to change the internal diffusion rate,
and this zhows up at a later time as a shift in the
poesk height from the expected value. In the case of
neon, fluotuations showed up several hours after they
had ocoured. The asystem spparently integretes vut temp=-
erature changes,

Runs at 320° and 349% wers repested, after the
aystex was heated to 4150° overnight,in order to deter-
mine whether oy not the diffusion rate depended on
thermal history. The values ¢f D obtasined were in good
sgreement with one snother, If a thermal hystersais
effoct exists, then it s zmall, or disegppesrs in the

four hours nexded to resch therm:l equilidrium,
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IVe ACTIV-Tius BRLAILIS

A mathemsticel snalysia of Qiffusicn a8 & truns-
pert process pradiets that the dlffusion ¢ nats-ts
shhould be funetions of temparature ().

{50) D = Doe E/AT
E is called the sotivaticrn enerpy. 7 1ls the ebaclute
temperatare. R 1s the moler gas constant, Flatew 21
snd 22 show a plot of log O versus 1/T, The values

for 5 sad Bb are of TOollowss

B Yo
Heepump=sut Tell x 103 oal/mole 7.5 x 10-k candl/see
He=pump=in 6.54 x 10} eal/mole 6,76 x 10'“nm3/aoa
he=punp~out 2.0 x 10“ cel/mole 6T X 1c-2 cai/ses
Ke-puni-in l.54 x 10“ sal.mole loi3l = 16‘3wm?/;a¢

The sazellest values of D were used in the pump=in plots,
The othay velwes of D tennd to line up with cne ansther
provided that they all cerrespond Lo the same value of
8. 10 585 U ¢ = B @ cconstsnt, The lines are rou’aly
perallel,indleating thet tne sstivation enerygy does not
change during & pumpe~in run,and that the retioc method is
at lesst sell consistent, The necn pump in conatants
glven adove ars of questionsble value,but thsy are in-

cluded for eomparison,
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The hellium constants compare favorably with those
obtained by Heyden and wehrenberg (2)., They obtained
values of 7.1 x 103 cel/mole for E and 7.7 x 10~Uen®/sec
for Dg using the pump-out method, KRozers et.al.(l) ob-
talned vslues of 6.5 x 103 cal/mole for E and 4.8 x 10-h
onl/sec for Do . The work of Rogers et.al. was dono at a

lower texperatures,
Ve ADDITICH:L RISZARCEH

The mass spectrometer seema to be s useful instru-
ment for diffusion studles., Data analyais has posed a
wore serious problem then instrumentstiongand the full
potentiallty qf the instrument was not realized in this
study, The construction of more accurate tables and
graphs for the pump=in and pump-out functions and the
use of a standard lesk in the spectrometer should show
vhether or not thes diffusion coefficlents are time
dépendent, Studies shculd also be made with differ-
ent samples of glass to determine whether composition
has & signifigant effect on the diffusion rates., The
effects of preasure should also be studied,

During a punp-in run, the water vapor peak 1is

observed to grow at a rapid rete and exceeds the
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amplitude of the d1ffusing gas at steady stete. It 1s
a nuest ion, whether thias water 1s due to out-issing in
the speotrometer or is torn from the glses by the dif=-
fusinz gas, 3tudies on the diffusion of water ¥vnpor and
deuterium oxide would answer thia cquestion,

The diffusion of hydrosen shculd be quite rapild
and hence feasidbly studied with the :ass s:ectrometer,

5teady state flow rates should be obtalned ,from
whioch the sclubility of the gas 1in the glass can de
ealculated if the diffusion constant is known (3), The
consantration of the gas in the zlass ocan be obtalned
by integrating the pump-out ourve. It rould be intersasdt-
ing to see how these compere,

4 mixture of neon wnd helium e¢ach having & pare
tisl pressure of 30 em was ™n 1in order to detearmine
vheother ths Zases diffuse independentiy. Ko conclusive
data was obtalned during pump~in due to the lerze dife
ferences in diffusicn rate. The hellium pump-out rate
was not chenzged by the presence of neon in the siass,
the neon pesak at pump=-out was about half {te atoe.iy
astate vaslue. The expsriment should be repested with

geses baving more nearly the ss:me diffuslon rates,
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