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ABSTRACT
The theoretical analysis of the Stefan diffusion fube for measurement

of wvapor ph@se_diffusion coefficients has conventionally been made with the

- assumption of plug-flow (flat)}concehtratidn profiles in the tubve. - This

assumption has been examined theoretically and'experimentally with the con-
clusion that the radial concentrétion profile is effectively flat acrosé the
diffusion tube. Concentration profiles were estimated by using the Taylor
diffusion model. It is also shown theoretically that the Shape of the
Velocity profile does not affect the mass flux prévided the.concentration

profile is flat. Thus diffusion data that have been calculated from Stefan

diffusion tube data with the plug flow approximation are substantially correct.

{
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INTRODUCTION

, Ihé Stafan diffusion tube has been @idely used for the detefmination
of vapor-phase diffusion coefficlents. The liquid to be vaporized is pleced
in the bottom éf'a verticél tube which 1s maintained at a constant tempera-
ture. A gas is passed over the top of the tube at a rate sufficiént éhough
to keep the partial pressure of the vepor there at the value essentially cor-
requnding~to the initlal composition of the gas but low enough to prevent

turbulence. The mass flux is determined by weighing the tube during the

~guasi-steady state evaporation period. The vapor-phase diffusion:coefficilents

are readily éalculated,frdm‘the mass flux and concentration gradient over the

diffusion path with the assumption of plug flow in the tube. A critical

review of the experimental technigue has been presented by Lee and Wilke (10).

The equations for isothermal diffusion are well -known, having first
beed developed by Maxwell (9) end Stefen (13,14). TFor the ith component,
these equations have the form |

R Rl Z ~ i W
RT d . : :
. * # Py . '

This eqpation, in the case of binary diffusion, which is the case of ipterest

in this study, can be transformed into (16)

DR ay | |
A , o
o My= TR E b Wy F Ry, ’ (2)

A

This equatibn?defines'the:vapor-phase_difquion coefficient - DAB (2).

»

With component B stagnant} l.e., Né = 0, the equatlon beccmes

'AB : o L
N = ' & W | G

!

The first term on the right-hand side is the contribution of equﬁmolal diffusion;

dha second +aym 19 1nterbreted as the contribution to the flux of A due to
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the bulk flow set up by the diffusion. Integration of Equation 3, assuming

DAB constant, gives (16)

D, PAp
N = 2D

A . RTAX‘pf) :‘ ()-(-)

where (pf) is the diffusidn-film-pressure factor. It is defined as

(P-pg) - (P-py)
. Pg/Pg

Py =

Equation U ié used tO‘calculate}diffusion coefficlents from data obtaihed in
the Stefan tube apparatus;

Inherent in thelintegratign of Equation 3 is the assumption that no
radial concentration gradients exist in the Stefan tube. This éésumption
has not preViQusly beenAverifiéd: .The study presentéd here involves theoreti;
cal analysis of the_diffusion'system_ana an experiment designed to determine

whether or not the flétFprofile aséumption is valid.

Analysis of the Diffusion Systgm | f
Consider the diffusion system as shown in Figure 1. Liquid"A evaporates
;Hinfo a stagnant column of gas B. -At the liquid-gas interface (x = 0) the gas
f phase concentration of A, corresponding +to éqﬁilibrium with the liquid, is
: denoted by Cs' At the toplof the.tubé (x = L) a stream of gas B:floﬁs past
slowly. The systeﬁ is kept at cons£ant temperature'ahd preséure. At steady
state there is a net flux of‘comédnent A away from the evaporating surface and
component B is stagnant.
The diffusion sysfem under consideration can be characterized-by very
siow motion flow. Hence inértial terms can be neglected as suggested;by
Schliéhting (12)._ Furthermore, if if is assumed that there ié'a radial sym=-

,métry,(Vé = 0) then the basic differential equations of motion can be written és)(j)
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T ‘ S 2 "
2o e - H, o
L ; . - | ox". > L
Z -2 g;xrgg)ﬁu%g}._, (6)

If Equation 5 is now differentiated with respect to x, and Equation 6 is d{f-

ferentiated with respect to r, and the results are subtracted, one gets

> (s [1 3 32 > (13, du . 9P ;
2R E2e) T 2P e B o

The pressure term has been eliminated. Now v and u are expressed in terms

of the stream funcétion, ¥, according to the following relationship

o = - 1 %g
- r or °

<
il
B
£

Fy=o @
where
*E_'gﬁ'%'%?%} (9)
and . . ,
o = P(v3y). o | (19 -

Equation 8 is a fourth-order eéuafion in the stream function which autometi-

cally'saﬁisfieé.the equation of continulty.
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The steady—sﬁate diffusion equation for component A with a constant

diffusion coefficient and density is (h)

oC | .Bc oC 3¢
‘ A A 1 9 A\ A
MR A e A (1)

‘Equation 1T results from the application of conservation of mass and Fick's
first law. Y
Now consider the boundary values of the system.

1. The concentration of A at the liquid-gas interface is constant.
Hence
»,’1

: QA = CS’ a constant at x = O for all r.
2. The concentration of A at the top of the tube is zero. Hence

CA = 0 at x =1L for all r. !

5. The concentration profile is symmetrical about the x axis. Hence

| 3¢,
; = = O atr =0 for all x.

k. There is notransfer from the walls of the tube into theAgas. Hence

' an
> - 0 gt r. = ro for ;ll X

5. There is no slip at the wall. Hence

u = 0 atr = ro for all x.

6. The velo¢ity profile is symmetrical about the x  aXis. Hence

g% = 0 atr =0 for all x.

7. At the evaporating surface the diffusion velocitj is related to the

concentration gradient of the diffusing species by

= Lo
AT
uo= -5 5% at x = 0 for all r.

B
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The;abové equétions assume that the mass averagevvelociﬁy is equal to
.i'lthe mole-average &elpcity. This is ture only,mheﬁlthevmolecﬁlar weight of - A’
equalé that of B.  However, for low mass-tranéfer rates the assumption intro-
duces little error and isiéatisfactory.

The coupling between momentum_equation (Eqﬁation 8) and the diffusion
equation (Equation ll)vis provided by the boundary condition 7. The simulta-
neous solution of Equations 8 and 11 satisfying all the boundary‘conditions
provides the.exact_éolﬁtions for ‘the vélocity u(x,r) and concentration
c(x,r) distributions in the Stefan diffusion tube. HowéVer, the solution is
é%trémely difficult and ?rbbably can be only obtained numerically on & cbméuter.

In the absence of a moré rigorous solution we cean estimate the con-
ceﬁtration'profileé'in the Stefap diffusion.tube by using tﬁe Taylor diffusion
model (15). Thié'is, of course, only‘a‘limiting case, but one which should
give the correct order of magnitude for any radial nqn—ﬁhiformity in cdncentra-
tion. In this.model if 1s assumed that the usgal p;rébolic velocity profile
for imﬁﬁar flow develops at once andlremains undistﬁrbed‘ovér the length of
the tube; Also, it is'necessarily assumed that there is no sliﬁ at the wall.
These are believed to be éatisfactory limiting assqmptions since they repre-.
sent the maximum departure from plug flow. Taylor considered tﬁe dispersion
of a solute into é fluid in 1aminar flow through a tube. Thé distfibﬁtion of
concentration of the ;olute depénds on tﬁe balance betWeenAthe molecular dif-
fusion and the convection.dué to veriletion in velécity over the cross-section.

The transport equation according to Taylor can be taken. as

3¢ 13 13 U | 27 3¢ |
5;5 + I 5 S Y5 [l_— 2 (r/rO)l]A§; | (12)

“ where U is the average velocity. In obtaining Equation 12 axidl diffusion
i1s assumed to be negligible. Aris (l) extended the anelysis of Taylor to in-
‘clude the effect of axial diffusion.v His results show that for the purpose of

present calculations this assumption introduces little error.
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_M”Taylor presented'an approximate splution of Equation 12 under the
v conditgon that fhe time hecessary for'appreciablé effects to appear, ovwing
to convective transport, is long compared with the time of decay during which
radial variation‘ofvcéncentration are reduced to a fraction of 'their initial
lealue through the action of.ﬁolecular diffusion.. This condition can be ex-
preséed.as
; . : | L . 2(r0)2
D

G5 (13)

The term roa/(5.8§?b represents the time necessary for a non-uniform concentra-
tion to degenerate into an essentially uniform concentration.
According to'Taylor the small radial variation in'the concentration,

C, can be calculated from the equation

, 2 .
3%¢ 1 3¢ 2(rg)U [, r 2! [ac |
FrrE oo B &sL., @
wheré.
A -

and in this calculation (QC/Bxl)r;Ov may be taken as independent of .r.
A solution-of Equation 15 which satisfies the boundary condition (&) 38

2(ro)2U

C(x,r) = Cki + =5

x | [<£—>2-§ L] e
Bxl =0 Ty 2 ry’ ] :

The longitudinal ‘dispersion of solute can be described by the dif- -

ferential equation as given by (15)
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aec- éc g _ |
oy T - an
1 ‘ )

where X 1s the diffusion coefficient.

The solution of Equation (17) for .the present analysis is

Lo 3oher Gt

where erf(Z) is an Error function. Hence' the concentration profiles can be

estimated from equations 16 and 18 as

X
c . 1.1 1 )% - (F )P
T, T 2773 erd (2 x1/ Jit) 2 N o o ¢ 2 Wi

[<r/ro>2 - 5 @/ry) ]

The second term on theAright-haﬁd side of Eqﬁation 19 represents the boncentra-:

tion vaeriation in the radial direction. In order to calculate the radial con-

: centration distribution'in the Stefan diffusion tube a value of C/CS is chosen -

corresponding to a given value of. x and Equation (15) is substituted for xlb'

- in Equation 19 and time t is determined. Then the radial concentration pro-

file is estimated. These values are compared with the flat concentration pro-

. files given by the equation

*

g 1 - exp{ (U/D)(L-x)]

1 - exp(UL/D)

(20)

Lm,l

where : C is hypothetical uniform concentration across r at glven x; Eouation

20 is the solution (1)~ of diffusion Equation (11) with the conditions ‘that there.

- 1s no radial velocity V. and the velocity profile is flat»across the radius of

' the tube.



-8- -~ UCRL-10421-Rev.

; APPARATUS

The apparatus used in(this studj is showﬁ scheﬁatically in Figufe 2.
The diffusion system is'substantially thé same as that used in recent'measureé_
ments of diffusion coefficients and ié‘descriﬁed in detaii by Getziﬁgei (5).
However, a probe and electronic recdrding equipment have been added to ﬁeasure

the concentration profiles.

Diffusion System. The diffusioﬁ unit is shown schematically in Figure 3.

The air ehters thé diffusion unit through straightening vanes to eliminate
turbulence before passing over the diffusion tube. Thé'diffusion unit was
constrﬁcted of braés. Leads aéeiprovided to conngcf the prqbe and the elec-
trical meaéuring.deviées. |

The difquioﬁ tube itself was designed to give a diffusion area wiﬁh.
l—in. i.d. The diffusion tube was built withug step design.’ The bottom was
l-in. i.d. and the top & 1.50-in. i.d.vto accommodate the probe. With the
probe in’pléce the top part alsé had a 1l-in. i.d. providing a smooth diffusion
tubé. | l ‘

The probe was got extended to the bottom of the diffusion tube, so
_thaf liquid was prevented from'risinglup between the probé and the diffusion
fube wall by capillary‘action (preliminary experimehés had shown'this to be a
problem).. . o |

Withltﬁe probe in place, the'éctﬁal‘diffusion‘area was an uniform
1-in. 1.4 ecircular cross‘sectibn. An alumiﬁum sleeve was used over the ﬁottom{
of the diffusion tube to get = ﬁniform outside diametér,of 1.535 in.  This gave
.~ a tight fit within the.diffusion;tube holder, providing,good tﬁermal contact.

The diffusion tube itself was constructed with a wall thickness of

only 0.018 in. This made the assembly light enough to be weighed on the .

analytical balance in the laboraﬁory to determine the weight loss by evapora-
tion during a run.
. Measurements were made of the time required to reach thermal equili-

- Erium in the system. After only 15 minutes the gas temperature as measured by
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. a conventional mercury thermometer was found to be within O.lgd of the'bath‘
temperatures.

Air énters thé system.at room temperafure from compressed air éylinders
through a three;stage pressure regulétor. It is thén'dried with an isbpropyl |
alcohél-dry ice trap and is then.further dried with a 6-in. column of Drierite.
Affer passage through a flo@fatbr, it is heatea by an electric heating el;ﬁent p
to about 3200. The alr is then passed throughAMO feet of copper'tubing immersed
in a constant-temperature bath, where.it is heated to 35.0 * O.lOC, the tempéra-
tureiusédiinﬁtheﬁexpefimeh#s. The diffusion unit is also immersed in the con-
stant-temperature bath to insurewisothermal operation. After passing through
the diffusioﬁ unit the air is e*hausted'through a blower to the outside.

The constant-temperature: bath is a lE-inl-diametér by l6-in.-deep
Pyrex jar housed in_a large wooden box insulated Vith Styrofeam. . The ﬁath
temperature is maintaiﬁed at 35.0 % O.lOC by an‘electric heating element
regulated b&'é mercury thermoregulator conneéted to.a specially-built controller;
The temperatﬁre was chosen to give a réasonably higﬁ vapor pressure for the
benzene, the liquid used in tﬂe experiment; The bath is agitéted by a Variac—'
controlled variable-speed General Electric motor d;iving a'specially built
-propeller. )

Probe. To measure the éoncentration profiles in the diffusion tube semi-
. circular probes‘were used. The pfinciple'of %he probe operation is the'same .
as that of a thermal-conductivity cell. The'detailed study of the optimum .
probe design is given elsewhere (7). Because of the radiél symmetry of the
diffusion system these probes could be ﬁsed to measure thé radial poncentration
gradients. Three_probes'wére constructed, each éf different diemeter. The
dimensions are given in Table I. A plcture of probe 1 1s shown in Figure L, -

The probes were constructed with an aluminum ring as the primary |
.support; The pfobe itself Qas constructed of 0.000M75-in,'d1émeter C¢leaned

tﬁngsten wire obtained from the Wah'Chang Corp. of New York. Thin glass
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cepillaries were used to support the probe wire and maintain its semi-

circular ‘shape.

" Table I. Probe dimensions

Probe Nominal diameter Distance from Maximum dev. Nominal
(in.) tube wall “from diameter resistance
(in.) - (in.) (ohms)
1 3 /4 o L/z2 +1/16 2k
2 9/16 A 7/32 t1/32 18
3 - T/16 9/32 < £1/32 15

The probe was placed in the  diffusion tube along with three l-in.-high
1-in. ‘aluminum rings. The wvertical position of the prbbelwas chénged.by moving
its position among these rings. All these aluminum rings had a machined inner

surface of 1-in. i.d. in order to pfovide a smooth diffuéion tube.

EXPERTMENTAL PROCEDURE
Benzeﬁe was chosen‘to be the diffusing substance and_air as the gaseous
diffusion medium. These were selected because cdnéiderébié.diffusi;n data havé '
been obtained for fhese components in the Sfefap-tubé apparatus. Also these.
components have considerably different thermal COnduétivities; thus éiviné a
reasonably good probe sensitivity. The tempeféture of fhe sjétem was chosen
at 3500 to give a reasonable vepor pressure and thus a significapt mass flux;
The air flow rate over the diffusion fube vas chosen to give minimum
end effects due to turbulénée at the top of the diffusion tube,-but high enough
to insure that stagnatioﬁ did not take placé.. Préliminary experimenfs Indi- T
cated that the air flbw fate for this system should be about 120 cc/min, gi?ing
.‘ & velocity of‘h.65.ém/sec through the étraightehing vanes in the diffusion sys-

tem. Thls is somewhat lower than the gas rate used in Stéfan;tube studies by
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_ Getzinger (5). A lower gas rate was required because of increased turbulence

in the diffusion system due to the presence of the probe leads. The gas rate .

© fixed the operating pressure at 1.6 to 2.0 in. of water above atmospheric_

pressure

After tne alr flow rate was determined some runs were made on the
system without the probe in place, in order to determine the'characteristics
of the system. After these runs were finished runs were‘mede witht he prpbe
in place. Data were taken with each probe in three vertical.positions. Probe
resistances were measured by using a Wheatstone bridge.and.BrushAsmplifier ‘
and. recorder‘to'measure the‘Bridge balance; |

When measurements were made of the probes the time used was as short
as p0531b1e, in order to aboid setting up convection currents in the system.
Several readings were made of each run, since making good electrical‘contacts
proved_to’be a;problem. The probes were caliﬁrated_in calibration cells with
known gas compositions o

Benzene loss in the Stefan diffusion tube was determined by weighing
the tube before and after each run. Weights were determined to the nearest
0.00l g. While out of the system the tube was kept stoppered at-all times to -
prevent evaporation of benzene. Liquid depth in the tube was determined from

the welght of benzene. Most runs lasted more than 3 hours.r A few runs were

only 30 to 40 minutes. Although it has been estimated that equilibrium is
‘reached in 15 minutes (10), these shorter runs gave badly scattered points and

.were discarded.
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. RESULTS AND DISCUSSION

Theoretical Results. Using the values D =:0.11 cm?/sec, L =13 ém;'and'
U = 0.00186 cm/sec the time required for the radial variation of concentration

represénted by Equation 13 to degenerate into a uniform-concentration is found

to be of the order of one second whereas the time necessary for convection to

make an appreciable change in C 1is of the order of one.hodr.

Radial concentration profiles were estimated from Eqﬁations 15 and'19.‘
* S : .

The values of the ratio £L5¥1£51 at several values of the radial and axial
C)e N - . . ' -

distances are shown in Table II.

. * *
Table II. Radial variation in concentration, C -C(r)/C at various positions
in the tube. ' '

rfrg- . 0 . o.2h - 0.71 . 0.87
* * * *
C -C(r C =Cir C -C(r C -Ci{r
* * - ¥
C c c C
T.54 o 1 -1.6x10™° S1.1x1072 - -1.lsq072
1 0 _ 0 o o -, 0

It is noted-that the deviation of the radial concentration from a uni-

- form value did not exceed 1.4% in positions chosen for calculation.. Although

a somevhat larger deviation could exist at othef positioné, and particularly

near the wall, we believe that®the calculations indicate that the concentration

is essentially uniform across the radius of the tube for all practical purposes.
" Thus "the flat concentration profile that has been assumed in past -interpreta-

- tions of Stefan-tube data appears quite satisfactory for diffusion coefficient

measurements.

s
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Now'conSider a diffusion tube with no fadial concentration gradient
but with some radial velocify diétribution. Component A is diffusing
tﬁféugh stagnant component B. In a thin cylindrical section, which has a
constant veloéity u(r), the mass flux is given by

oc

N, = -D §;é + u(r)qA. (21)

This is equivalent ‘to Equation 3. The total mass transfer is found by inte-

grating over all values of r, or

ac, T

- %o T A o
JT = J[ NAEﬂrdr = QNJ/— -D T rdr + 2n~/’ QAu(r)rdr. (22)
0 0 0
Since QA 'is not a function of r, onevgets
v f OC, }
A 2 2. o
Jp = 7D (B?f ™ot Ug™o Gy (23)
g J, oc
: , _ A _ :
NA = —5 = D S + 4quA. : (2k)
T -

Equation 24 is the same equation one gets by assuming plug concentration and

velocity profiles. This can be integrated to give Equation H.l

Experimental Verification. The concentration profile measured by the probes
I - "

;s shown on Figure 5 and summarized on Table III. One.:can see that within the
experimental error there is no radial concentration gradient.

‘ The concentration gfad;ent in x 1is of interest, since the values

for large x (near the top of the tube) fall on the theoretical line but the

points nearest the bottom of the tube indicate a considerably higher concentra-

tion than expected.
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Table III. Results obtained in determination of concentfation profile.

% Benzene : 5.6 9.1 7.8 1165 6.5
Probe depth (cm) 2.8L 5.36 5.36 . 7.88 2.84 .
c/c, | 0.28 o.M 0.39. 0.83 - 0.33
Fraction of diffusion 0.78 0.58 ©0.59 '-,’0.39" 0.78
distance ' ’
“Probe 2
% Benzené' ) u A_ 8.3 5.8 "‘_ 17.3
‘Probe depth. (cm) 5.36 - 2.8 7.8
c/c, | | 0.4  0.29 |  0;87
Fraction of diffusion 0.58 ~0.78 o 0.37
distance | : ‘
Probe 3
Run S pow o282
' % Benzene | 5.1 6.3 9.0
Probe depth (em) 2.84 - - 2.8l ) 5,36
c/cs | L 0.26 . 0.32. y 0.45 )
Fraction of diffusion - | 0.7, | 0.77 o 0.59 i
distance | ’
Probe L A
Rm ' 20 o3M - - oz
% Benzene | ‘ 16.1 6.9 - ’6.6
Probe depth (cm) - 7.88 7.88 - | 2.84
c/c, S 0.8 . - 0.85 - 0.53
Fraction of aiffusion | 0.38 o 0:38 . Ai 0.78

distance
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These points were rechecked and consistently gave the sanme results.

Runs were made in which the probe measurements were made in air saturated with

‘benzene by shutting off the system air flow. When the air flow was started

‘again and the'systemvhad'reached equilibrium’these high values were again h

obtained.

Diffusion coefficients were also calculated from the dataf‘ The true

diffusion coefficient, corrected for end effects, was found to be 0.097 cmg/sec.v-

This velue is somevhat lower than the value of 0.103 cm?/sec'obtained from the
measurements by TLee and Wilke (10) correctedjte our eonditions. Since some .
inaccurecies might be expected in ouf experiment because of interference by

the probes, the former measurements are coheidered preferable. The detailed
experimenﬁal date are availsble elsewhere (7).

The correction for end.effects, Ax, was found to be 2.0 cm. This is
quite>1arge, and offersta possible explaenation for the unexpeetedly high con~
Vcentration values neer the bottom of the diffusion tube. If this whole end :
correction is applied to the bottom of the tube, then thelpredicted concentra~

tion profile and the data pointe are as shown on Figure 6. The data at the

'_bottom of the table are now much closer to the expectéd line; but the data at

ﬁ.larger values of x now show sqme:deviation fromithe predicted values. However,

on the average, this does give a better fit to the data.

_A possible cause of the large end effect.at the bottom of the tube may

“be found initthe diffusion thermo effect, according to which a temperature

gradient is set up by a concentration gradient. This effect has‘been observed

experimentally, and temperature differences of several degrees centigrade may

be set up (8).

Ina binary mixture with a diffusion flow of component 1 there exists .

: a heat fibw

Jg = -0 T grad N', : (25)
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where n 1is the total concéntration of molecules 1 and 2, and N' is the mole
fraction of molecule 1. The diffusion thermo-effect coefficient; ', for

ideal mixtures is related to the thermal diffusion constent, &, by (6)

Since benzene is the larger and heavier molecule, one.would'expect o to be. -
.positive (i.e., .benzene would diffuse toward ﬁhe céoler‘end in thermél aif- :
fusion); Therefore &' would be negative. Thus, in Equation 25, with g:ad.N’
also negative, the hgat flux and the higher temperafure would .be near thé
bottom of the tube.; Thus; one Qquld have a cooler heavier gas on top of a
warmer gas layer, starting conve;tion currents. This~cou;d cause some flow
disturbanée‘at the bottom of'ﬁhe tube and might e%plain the data points,
Further work is required to confirm this.

Another theoretical causevfor conmective,flow‘in the fpbe might be
gravitational forces due to density_gradients associatéd with any non-uni-
bformity in the'concentraﬁi§n over radial position. However, in view of the
véry small variation in radial concentrations which can develop, as shown in

!

Table II, we believe that such free convection effects would be negligible.

CONCLUSIONS A

Théoretical’and experimental studies confirm that therebi; no éigni-
ficant radial céncentfation gradient in the Stefan diffusion tube. TFrom these
results it is'conclﬁded that eéuations_developed fromithe plug flow model for
the Stefan-tube may be used 1o calculate diffusion coefficients. However, it
appeérs possible that end effects can be appreciable, and that %herefore a
sufficiehtly long tube éhould be employed to minimize this influence. |

i

4
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|
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NOMENCLATURE

c .molar concentration -
C* - concentration with-assﬁmption éf plug flow

D diffusion qoefficient .

JH heat'f;ux'

I K total mass Flow

L length of the diffusion tube.
N

" mass flux

he] partial pressure
P’ total pressﬁie .-
 rO | redius of tube ' .' _ ;
r radial distance
R : gas constant
T  temperature .
T shear stress e ' . .
u velocity in the x direction
U average veloclty
v ' -velocit# in the r difection o . ;
X axlal distancg
és vapér-pressure correéponding to surface teméerature
Py vapor pressure of the~iﬁlet gas
v ' kinematic viscosity - \ ,; .

e absolute viscosity
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FIGURE CAPTIONS
Schematic diagram of the theoretical model.
Schematic diagram ofbfhe apparatus. |
Diffusion unit. | |
Probe 1.
Experimental concentration profile.

Experimental concentration profile corrected for end
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