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THEORET ICAL FORMULATIONTQ. ESTIMATE
'EXPERIMENTAL oLT BY USING COLUMN THEORY
DISCUSSED IN CHAPTER I AS WELL AS OUR
COLUMN CALIBRATION FACTOR METHOD.



Both ends beéing closed for an ideal column, heVing no

asynmetries at all, eq.. (1. 34) yields that

H. + | (3.1)

Kc_+“¥dm. . w.' . L :i

lnqe =

- for-which the net transport-«?:1 up-the .column. is . zero, wheh an

equiliorium is reached in a T.D. column.

Since H, K, and K ere‘proportionel to the second, the

fourth and the zeroth power of the operating pressure p in
atmosphere of the binary gas mixture, Furry and Jones showed

that . -
ang | : S (3,2)

4 .
b+ p~

lnqe

where a-end b are constants giveo by a = HL/T{C and. b .= Kd/kc9
respecti&eiy. o

| In most T.D. columns para51t1c reﬁ1x1no always occurs. 
This inevitable fact is, however, be avoided by Furry and Jones
by addlng a term Kp proportlonal to the fourth power of. the
operating pressure in atmosphere, An the denomlnator of eq. (3.1)

such that we get

2 C .
= _2'p (3.3)

where a = a' (1 + Kp/Kc) and b = b' (1 + KP/KC) respectively.

2 2 - 0 ) 1 .
Eq. (3.3) can be written as p“/lnqg, = b'/a’ + P .(?04)

which is a straight 1ine of p2/1nqe and p4, having theUelope
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'1/a' @rd 'the intercept b'/a'.

Again 1 + K_ /K = Kd . 1 we have
Poe 7K b
e
H=Ll.3Kg=Kgte S 7 (3.5)
L B da 'ad | _ _ ' _

where the constant term C represents the- intercept of b')é'

of the plot of pz/lnqe against p4 as ‘demanded Qf'the eq,'13°4).v'
The ekisting column theory can bé”éﬁbldyéd"toﬁébtain the exﬁéri-
mental thermal diffusion factor déi thrOugh“the use of eq; (345)

and the transport coefficients H,‘KC and K. as obtained by .

d
Maxwellian model, Lennard-Jones model and the last one called

the model independent Slieker's method.

Now the important parameters a' and b' of eq. (3.3)
govern the very nature of the'variation of_lnqe against the
pressure p in atmoéphere at any mean expérimehtél.température T
where T = KTh + Tc)/2. Itrié_fop;a out that in most cases,.as’
the preésure of a given gas mixture increase,”lnqé.aiso increases
and becones maximum at p = (b')% whéréfilnqe _i§ gegql and then
4 55

decreases again. However at the point of maximum lndé of eq. (3.3)

becomes lnqmax where
Ing ax = a'/2Jp" : : L_~(3.6)‘

» ‘
where a' and b are estimated by fitting the following equations
with the ekperimental data of 1nqe measured at different pressures

p in atmosphere:
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2:134.'11“;e = a' sz - b'Zlnqe _ o
> p°ing, = a'2p* ~ b') p’ing, I < )

Thus the knowledge of &' and b' at different experimehtalﬁ
temperatures helps us to.calculate the value of Ing ax which,
with the help of reliable and accurate<iT values of a binary

gas mixXture makes it possible to fix the experimental F values
for a given column at any. experlﬁehtal temperature by using the
following equation:

o A .
lnqmax = TFS (rc, Ty L, T). e (30_8:)

Tge function F_ is supposed to be free from binary molecular
interaction model, but. solely depends on the geometry of a glven
column. Moreover the column c311bratlon factor may be regarded
as an apparatus constant haying.different natures f0r~different
columns of;verying radii T, andvrh and the geometrioel lengths

L - with respect to temperature variation ‘like -
F,=a+BT+cC 2 o (3.9)

The constants A, B and C involved in &€g. (3.9) can also be"

estimated for a given T.D. column;"

B.N. Srivastava et all (1967) measured Ing of 1:1
isobaric gas mixture like N,O - CO, in an all metal. T.D. column
installed in the department of general physics and X-rays,

"Indian Association for the Cultibation of Science (I.A.C.S.),

Calcutta-32, for different pressures in atmosphere at three
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- Fs ( COLUMN CALIBRATION FACTOR)
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Fig.3.| Ca'libratipn factor F, of the column as a
function of the mean gas temperature 7.



g
experimental temperatures T = 363K, 401,5K and'435 5K respective'l’yo
S, Aeﬁaryyé4et al2 (1981) however measured the pressure dependence

"'éf”lﬁq of “another isobarlc gas’ mixture 1:1 compositlon of N, -CO

2
in the same column at T = 350,1, 378.5 and 413.5K respectively,
This T.Ds column is provided with the cold wall raidus r. =

1,1113 cm and the hot wall radiﬁs r, = 0.5556 cm and df“geometri-'"

cal length L = 305.2 cm respectively.

S. K. Bhaﬁtacharyya et a1’ (1975) in the meantime_meaSured.
in their all glass eight tubes trennschaﬁkeimaﬁperatus'ihq
and hence the thermal dlffu51on fectors OLT of both N,0 = COZ-
and Ny = CO systems at dlfferent temperatures and at dlfferent
composition. The lnq .. of NZO - €O, as wellAaﬁmNZWTUQQAwere'then
estimated in terms of a' and b' at different temperaﬁures. The.
accurate,QLT of'Nzo - CO, was obtained from S.K. Bhattacharyya
et al?_and the corresponding Fs.of the coluimn at differénﬁ,

temperatures to yield the best fit equation :

Fs = 34,030495 - 0.15472984 T + 1,9101183 x 1064 72

(3.10)
the grabhical plot of Fs for this column against the mean
temperature T K is shown in figure (3.1). The values of P
thus obtained at T = 350.1, 378.5 and 413.5K were then used
to estimate &, of N, - CO (1:1) gas mixture from its lnq__
and F_ from eq. (3.8). The experimental OLT's of the system
N, - CO were also estimated from eq. (3.5) by the existing -
methodsvbesed on-the column theory of Furry-Jones and Oﬁsager4

in terms of H, Kc, Kd and'Kp using Maxweli andﬂLennard-Jones

model anéd the model independent-Slieker's5 method. The comparisons
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of all these OCT's of N2 - CQ system thus obtaihea} showed
really an interesting features as illustrated'graphicaliy in
figure (3.2). The values °§£;S'asfohtaihedmihotetﬁs of the
column calibration factor method are showh by the curve“liaiong
with the curve II with the- reported OL's of a N, - CO mixture_
~having 29.3% N 5 in the lower temperature region hetween 296 %k

" £07350% by Bhattacharyya et a1’

{1975), Both the curves are

found to -be convex in nature with respect to temperature showing .
the very existence of the inelastic c011151ons in the mixtures..'
But - the eXisting theory of inelastic collision effect in. thermal'
dlfquIOn§ as it has been deve10ped can not 1nterprete the trend*
and magnitude of~dT with respect_to temperature.and"comp051tion

-of the mixtﬁre as ﬁointed out by T. K. Chattopadhyay aﬁd Se .
Acharyya7 (1974) Moreover both the elastic as well as inelastic
theoretical oL 's for N2 - CO gas mlxture having 29. 5% of N,
calculated by Bhattacharyya et al are found to be‘almost*constant

with respect to T.

The Quantitative agreement between the‘tw0.sets of data
as evidenced by curve I and II inlfigure {(3.2), although can
not be made due to their different composition and temperature
ranges, it is interesting to note that they (curve I,and-iI):afe
of the same order of magnitudes maintaining the,saﬁe tehdeth‘with
‘respect to temperatdre T. But the experimentaloér's'hSing‘Manell
model (curve III) and Slieher's method (curve IV) were computed -
from eq. (3.5). The'd&‘s”are of oneorder of magnitude'iess;

showing the opposite T dependence.  Alternative molecular’models
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for binary molecular interactions have little chance to imprbve
the magﬂitude and the trends of Maxwell or Slieker data using

the existing c¢clumn theory.

Thus the importance of the column calilmation fadtqr‘waé
soon first realised in this case and: then subsequently?épplied
by S. Acharyya et a1® (1982) in some inert gas mixtures like

eZQ e22' r36 _ .40 .80 . 86 128_;{Xél36»v

N - N A Ar -, Kro® - Kr-® and Xe

respectively with their natural isotopic abundances.

.D.G, Alvarez et al9 (1969) worked with a T.D. Column

of geometrical length L = 149 cm, Lo = 1;37 cm and,rhj='0,6.cm

-

to get the pressure dependence of the reduced logarithmictsepara-,

o, : C o _ Y y1/100 |
tion faCthS_anéXp' The lnq, values'from‘qe fu(.gexp) ét
different pressure were then calculated at three ,experiméntﬁlA‘
__temperatures : 371.0K, 378,0K and 387.5°K..Tbe experimental data

Qf p2/lnqe in all the systems ment ioned ébove against p4 were

found out to be :
ne?C - ye?? |
2 ~ . 4
p“/lng, = 3.63065 + 13.97988 p°,
2 ' 4,
p°/lng, = 4.38884 + 12.92903 p_,
C 2, . e 4 ;
p"/lng, = 7.04444 + 11.89776 p ,
Car3® o art0.
2, : . 4
p_/lnqe = 0,78377 + 125.68478 p,

p2-/_lnqe = 1,07431 + 118.28424 p*,

1.55437 +.114.90161 p*,

pz/lnqe
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kro® - k86 4
‘p°/Ing, = 0.31374 + 645.3989 p?,
p°/lng = 0.39338 + 595.5562 p?,

e
p°/lng, = 0.59322 + 524.7607 p*,.

128 Xe136

and Xe =
p2/1ﬁqe = 0.16980 + 2970.613 p?,
p2/'1x’aqe = 0.19487 + 2782,950 p7,

p2/lnqe = 0,32794 + 2523.025 p~,

-at three experim ntal temperatures 371.0K, 378.0K and 387.5K

respectively, in excellent agreement of column theory. The

36 _ ar*Q and the accurate and .

corresponding lnqmax of Ar ,
reliable«iT of that system being.available from F, Vénder Volklo
(1963), thelvélﬁes'of the-cOlumn'calibraﬁion factors of this
ééiﬁnﬁﬁﬁéfé<£hén-és£iméted7to yield the temperature dépéndénde
of Fs given by ' | |
FS'=-68.9479§ - 0.3174514 T + 3,71383 x,10_4 ¢2 . :”§3,1i)

The fitted curve of the temperature variation of the column
calibration factor is shown in figure (3.3). The:nature of this

curve is quite_similar.tQMESv.s.”Tmcurve of. I.A.C.S. column -

\

W(?igf_B.l) inrwhich it ié a%;o seen thgp;Fshéttains a minimum"

value at a certain-T and then increases again. With the known
and fixed values of FS and experimental lnqmax_of Nezo - Nezz'

ar3® - Ar%0, kB0 k% ana xe'?® . xe!3°

tﬁe thermal diffusjion

féctorscﬁr's were computed and presented graphically in the
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Figures~(3.4) to (3.7), along with those obtained_by the existing
method. The existing theoretical formulation which usually takes
into account the inherent asymmetry of the column geometry are
developed using Maxwell, Slieker and Lennard-Jones shape factors
of which the last one, in addition to the present one includes the
models of binary interactions of the gaseous mixtures, isotopic

or nonisotopic. The shape factors and the necessary force para-

meters (table 3.1) to calculated,. at T = 371.0, 378.0 and

T
387.5 K for cases using model of Maxwell and Slieker's method
while for L-J case they are evaluated at the c¢old weli tempere-
tures,.290.eK, 304.0K and 323,.0K respectively. The experimentel.
OCT'S thus calculated from the existing methods fot Ne, Ar, Kr
and Xe isotopic mixtures were again-found to.be éné efdef iess in
magnitﬁdes than those of theoretical ones obtained from eq. (4.1)
discussed in Chapte: IV under the head of "theofeticel formula-
tion of'tﬁermal diffusion factors") used in this thesis, bther‘
alternative molecular moaels for binary molecular ihteractibns'
than those which are given in table 3, 1 have little pOSSlblllty

to improve the magnitudes of OL data which are. graphically shown

in Figs. 3.4 to 3.7 respectiyeiy using the ?§%§t139 column theory.

Now using F_ from the celibsatien qurve.Fig. (3.3) and the
corresponding lnqmax' the thermal diffusion fectors of Ne and Xe
systems, altﬁough slightly'ﬂigher then those'ef theoretiealC£T
they are‘of the same‘order of magnitudes. But for Ar and Kr the

OCT are in excellent agreement with theorstical ones.,
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Molecular parametérs- and shape factors utilised té evaluate olt

Sy'stem' ' €/k ‘ ovx10° _Shape factors Interaction
‘ K cm ' S o model
(a) (a) h ke kg Temps
20 . 22 e e f
Ne? e 27.5 2.858 1.05113 1.024  0.96950  '371.,0 Maxwell
ar>®.ar? 119.5 3.826 1.06388  :1.009  0.96775  378.0 (n= 1)
krS Ok 80 166.7. 4.130 1.08188  10.991 - 0.96538  387.5
' N _ ; S ; , 371.0 »
xel%8 %136 229.0 i . 4.055 0.5433 |  10.0334 TH1-a° ) 3780 Slieker
N 6l 92 ' 387.5 ..
Ne?One?? 27.5 |~ 2.858 013568401 | 0.6547E-03 0.45811 290.0
- ' 0.1163E-01 | 0.6201E~03 0.45124 304.0 Lennard-Jones
0.0901E=01 ' 0,5783E-03 0.44289 323.0 S
36 40 - { . . 0.1562E-01 ' 0.5873E-03 0.47204 290.0
ar>®-ar® 119.5 - 3.826 0.1305E~01 | 0:5638E-03 0.46254. 304.0
< : © 0.1005E=01 ' 0,5371E-03 0.45141 323.0 -
80 . 86 B : 4 : 0.1739E-01 ’ 0. 5645E-03 -0,47845 290.0-
krS0x “¥66.7 . 4.130 - 0.1427E=01 . 0.5483E-03 0.46796 304.0
| S : . 0.1072E-01 . 0.5269E-03' 0,45573 323.0
128 . 136 S P ' . 0,2389E-01 0.5353E=03: 0.48569 - 290.0-
xel%8 x 1220.0 .~ 4.055 . 0.1816E-01 0.5238E-03 0,47412 - 304.0
| ST ©0.1224E-01 - 0.5082E-03 0.86035- 3230

- (a) leschfelder, Bird and Curtiss M.T.G. Le -

(John wllley & Sons.,: N.Y. 1964)

(b) Report no. K-1679 (1966) - Thermal diffusion column shape factors based on L-J {12:6)
model by E Von Halle and R.K. Hoglund. : : : '



55 .

. The temperature»rance oflonly l7oﬂwas invéiQQa“ih”thé
present column measurenent of the four lSOtOplC mixtures. Actually
the variation ofti with respect to temperature is such that. this.
range essentially constitute the 'single temperature..Nevertheless, |
we tried to estimate OC because of the availability of datag.
and tried to observe the~temperature dependency of the column
calibration factor F while Lo rh_andm} of the column are held

fixed. It is again interesting to note that this study ultimately
establishes the fact that OCé of the ‘same order of magnltude as
those .of theoretical ones can be obtained With the use of F
and 1lng max at any - experimental temperature.,It is also encouraging
to note’ that the nature of variation of the ‘column calibration .
factor;with respect to temperature for any T. D column is probably
the same:and 1nteraction model independent too. This indicates o
that there exists a functional relationship of F With T, h‘ L

: and T. Thus, in absence ‘of " any - reliable theoretical possibility
to estimate ‘the actual OLT using the existing column theory4
through the use of molecular model, -thiSme really allows us to
" obtain the relative ol data of ‘any gas mixture frOm its Ing .

measurements using the same column.

"'gll these reasons.tempted us to‘studf further the impor-~
tance of the column calibration factors of several selected hot
wall or hot w1re c01umns available in the litcrature and the
subject matter of the works studied are then presented in "the
role of column calibration factor in thermal diffusion column",

chapter-wise. It is .observed that the column calibration'factor
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of any column can however be written as

F_o=aA4BTeCF T 3.aa2r

w~a~-in~terms-0f tenperature. A,“B and_C are. constants. the values

of Wthh depends strongly on the geometry of the column construc—
ted. That is why it is deSirable to study different types of hot.
wall and hot wire columns in order to arrive at the conclu51ons
regarding the coefficients A,_B and C involved in eq. (3.12)
experlmentally. It is hoped with the help of dimensional analysis
on a large number of - data of F in- different columns, ﬁhe function-
al: relationship of A B and C with La ,A SV ~L and T could however

| be made. with this aim in view we cnose different Te D. columns
available in the literature to explore the relationshlp of F
w1th the geometry of the column empirically,‘and applied these
Es valuee to obtain the.expt,OQr of different binary systems.A
Finallthnese~d-Tfs are then conﬁa:ed}witn‘those of:the.existing.
metnodsﬁusing colpmh-theory and:of theoretical fonMulation'baeed .
on elastic and the ineleétic'collision. Ihe compafisons-however
indicate that column calibration factor has an important role in

column measurement,
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