A NONSTATIONARY METHOD OF MEASURING THE
SORET COEFFICIENT IN A DIFFUSION COLUMN. IIL

M. A. Bukhtilova and G. D. Rabinovich UDC 621,039.3

An improved form is given for a method previously described for measuring the Soret coeffi-
cient, and new values are presented.

We have previously [1] given a method of determining the Soret coefficient by a nonstationary technique
applied to thermal-diffusion columns, which applies for the case where the concentration of one of the com-
ponents is small and so the quadratic term in the transport equation can be linearized in the form ¢l —c) =c;
a complete solution has been given [10] for the transient state in a column having vessels at the ends, and
asymptotic solutions for small times are also given there, which agreed well with the exact solution for x < 1.
Figure 1 shows the asymptotic solutions in graphic form. The method of [1] involves approximating each of
the curves in Fig, 1 throughout the range of variation in vx by the linear relation

v=p—rVx, . )

and it has been applied for r > 0, i.e., when the concentration of the target components is elevated at the end
of the column used in the sampling (positive end). In some of the experiments described below, we used the
relationship of [10] for the case where the samples were taken from the negative end, which corresponds to
r < 0; it has been shown [1] that the following relationships apply for small concentrations:
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We see from (2) and (3) that the quantities r /p?, r/p, and r/p%? are the decisive ones; in [1]. the value
of p was taken as constant for all the curves of Fig. 1, and although r varied for each of them, it was indepen-
dent of vx, which introduced a certain amount of error into the calculation of the Soret coefficient from (2),
since Fig. 1 shows that the slope of the tangent to the approximating curves varies quite appreciably with vx.
For this reason, it was felt desirable to divide the entire significant range of vx into several overlapping
smaller ranges, for each of which the error introduced by the linear approximation in (1) will be small. Table
1 gives the results from this approximation, and in this connection it is necessary to examine the range of vx
used in any experiment. The appropriate estimate can be made if we write the expression for vx in the expanded
form
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1 [ go®pS'ATB\? 7
?( nM ) D 4)
If an experiment is performed with the column closed at both ends, all the quantities appearing in (4) are known
apart from the mass M at the end of the column. The accumulated evidence indicates that x may be estimated
by assuming that M = 0.1-0.2, after which the calculation is performed in the following sequence. We use (3)
with a series of values for yow to determine the corresponding values for r/p3/2, and select from these the one
that agrees with the data ‘of Table 1. This operation is most conveniently performed graphically, From the
result for r /p3/? we derive r/p? and r /p, with interpolation if necessary, and from (2) we calculate s and w.
Then from s we can calculate y, from the formula
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TABLE 1. Data for Approximating (1)

Positive end

! ¥x%=0,1—0,3 Vr=0,2—0,¢
F Ve | L Y L P ro | riod?) rpt |
4,3 0,25 10,98410,56 |0,573|¢€,57810,569 0,968'0,5 0,52410, 034'0 516
2 0,66 |0,978,0,52 {0,5380,542]/0,5 1/0,964,0,46 {0,486}0 4%‘0 477
1 2 0,976 0,453 10,468 0,475 0,464 0,952 0,36 |0,388/0, 39710,378
0,8 3,3310,972:0,376 0,393 0,398 0,387 0,946 | 0,28 {0,304}0,312) 0,296
0,666 6,02 10,966 | 0,266 | 0,280 0,284 (0,275 10,935 0,15 |0,1660,171|0.16
0,125 8,0 |0,962|0,20 {0,212 0,216\0,208‘0,935 0,0950,105 0,109 0,101
E Yo, V=0,3—0,3 Vi=0,4—0,6
| | |
4,5 0,25 10,94610,43 |0,46810,48 |{0,454}0,92 10,383 |0,43 (0,45 (0,415
2 10,66 | 0,942/ 0,396]0,432{0,446 |0,42110,91610,343 10,39 (0,408 |0,374
1 2 0,924 (0,278 0,313 (0,326 {0.301 {0,896 (0,22 10,96 [0.274 10,945
0,8 ! 3,33 10,916/0,1960,224 0,234 1 0,21410,891 (0,14 0,166 0,176 10,157
0,666 | 6,02 [0,914:0,092|0,1050,110 {0,101 0, 898 0,053 10,0622,0,0656:0,059
0,125 | 8,0 10,918}0,0460,052|0,0545| 0,05 0 10,028310, 032610 0342\0 0312
; 1
i
k Ye0, | Vi=0,5—0,7 Vi=0,6—0.8
4,5 [ 0,23 v0,904 IO 35 \0 407 .() 428 10,388 {0,884 10,32 10,385 |0,410 !0 ,362
2 0,66 : 0,896 10,306 \0 36 10,38 10,341 {¢,872;0,268 0,329 0,352 0 307
1 2 0.8770,186 0,226 |0.242 10,212 | 0.858|0.155 0,195 |0.210 ‘0 181
0,8 3,33 16,87210,106 [0,130 [0,139 [0,121 [0,856|0,08 10,101 {0,117 10,003
0,666 6,02 10,884 |0,0286 0,0344/0,0366{0, 0324/ 0,876 | 0,015 |0, 01830, 0193'0 0171
0,125 8,0 *‘0,904 :0,017110,0199i0,02090,0189 0,9 |0,01 j0,0t17/0, 01230 0111
£ ¥,0, Vx=0,7-~0,9 Vix=0,8—1,0
z | \ |
1,5 0,25 | 0,858 0,282 0,354 10,384 (0,329 | 0,831 0,252 0,332 |0,366 10,304
2 0,66 | 0,85 .0,238‘[0,304 ‘0,33 0,28 0,828/0,21210,281 |0,310 {0,256
1 2 0,828,0,116@ 153 0 169 10,14 10,814/0,09810,134 |0,148 ;0,121
0,8 3,33 {0,84 |0,0590,0766/0,0837/0,0702 0,824 | 0,04 0,054 {0,059 0,048
0,666 6,02 10,87210,0120 014710 01580, 0138‘0 87110,01110,0135!0, 0145\0 0126
0,125 } 8,0 50,902“},007 0 0082|0,00860,0077i0,896LO,OOG 0,007 0 007010 0067
Negative end
i i Vi=0,1—0,3 Vx=0,2—10,4
|
k i
l Vel o rooAred2 et | e p ! r !r/paf'2 ripr | rsp
i | | |
3,5 10,250,985 o,sgslo,sos\o,em 0,602 0,972.0,54 l0,564 0,5721 0,555
0 2 1,6 10,73610,736 0,736 0,736 0,992 0,7} |0,717 0,721 0,715
—0,2 3,33 11,00610,85 ;0,842 0,841|0,8441,006|0,836:0,830|0,826| 0,832
—0,333 | 6,02 11,028 1,086’1,042 1,03 11,056 1,042 1,125{1,055 1,035] 1,08
—0,375 |8 |1,0381,246/1,182/1,16 |1,20 |1,052|1,30 {1,20 {1,17 | 1,23
k Yyt V%=0,3-0,3 1 %=0,4—0,6
! i ‘ |
3,5 ;0.25 0,955/ 0,49 }0,52410,536|0,514 0,936!0,45 10,496 0,512 0,482
0 |2 0,98210,682(0,70 |0,706|0,694 0,966 | 0,646 0,678 |0,690| 0,668
—0,02 3,33 1,002/0,826{0,8220,8230,824:0,992| 0,805 0,814 |0,818| 0,810
-0,333 6,02 11,026!1,08 (1,04 |1,025 1052 0,991{1,008 1,02011,024¢ 1,016
—0,375 8 1,03211,226]1,165]1,15 |1,186/0,954{1,06 | 1,14 [1,16 | 1,11
k Yo, 1 x=0,5—0,7 l 1V x=0,6—0,8
3,5 0,25 10,91 |0,402/0,46210,485!0,441| 0,886 | 0,364 | 0,437 (),4641 0,41
0 2 0,95 10,61 |0,661(0,676,0,64310,9180,565|0,641{0,67 | 0,615
—0,2 3,33 0,962‘0,748 0,793|0,81 {0,778 0,918|0,677 0,77 10,802| 0,739
—0,333 | 6,02 |0,914,0,86 |0,984)|1,03 |0,942|G,804!0,697/0,97 | 1,08 | 0,868
—0,375 8 0,82610,837|1,11 [1,22 [1,01 0,692[0.631 1,096]1,32 | 0,912
k Y0, . Vx=0,7—0,9 ] Vx=0,8—1,0
]
3,5 0,25 0,868‘0,34 0,42 0,4510,391,0,846|0,312}0,4 |0,435 0,368
0 2 0,882]0,518}0,626 | 0,665|0,58710,%5 (0,478|0,61 {0,664 0,563
-0,2 3,33 |0,856(0,593|0,75 |0,807/0,69 |0,79 |0,514|0,731|0,824| 0,65
—0,333 }6,0210,701}0,561{0,957 1,14 |0,80 |0,634|0,477|0,946|1,19 | 0,754
—0,375 8 0,574{0,472|1,086| 1,43 10,823|0,472|0,35 1,08 |1,57 | 0,741




o

Fig. 1 Fig. 2 ' Fig. 3

Fig. 1. The relation of v tox for ygwe of: 1) +8; 2) +6; 3) +10/ 3; 4) +2; 5) +2/3; 6) +0.25; 7) —0.25; 8) —2; 9)
—10/3; 10) —6; 11) —8.

Tig. 2. Relation of Ac /71 (sec™!) to V7 (seci/z) for mixtures 5-8 (’fable 2).
Fig. 3. Relation of Ac /7 (sec™?) to v (seci/z) for mixtures 1-3 (Table 4).

TABLE 2. Data on Binary Mixtures Used in Measuring the Soret
Coefficient in a Thermal Diffusion Column at T = 308°K, AT = 3¢°C

Mixture |cq, molar fract (mf) 108,
D-10%, | B-10%, . 0-103,
No. 1 - ; I T’/ sec deg-n NZSCC kgj/
m m

1 CCly CgH,y | 0,9612 | 0,0388 |1,487[2] 1,242 0,739 1,55857

2 CCly CgHie | 0,9648 | 0,0352 [1,34 [2] 1,242 0,739 1,5557

3 CCl, CeH, 0,9578 | 0,0422 1,79 [2] 1,242 0,739 1,5557

4 CCl, CH, | 0,9767 | 0,0233 |1,775[2]| 1,242 | 0,739 | 1,5557

5 |nCHy | CHg | 0,98 | 0,092 3,56 1,29 | 0,338 | 0,6665

6 |nCHy, | CH, | 0,946 | 0,0354 |3,56 1,28 | 0,338 | 0,6665

7 CH, | GCHy| 0,978 | 0,022 |2,1 1,28 | 0,503 | 0,8576

8 |n-CyHae | n-GHye | 0,952 | 0,0482 [0,76 [2]] 0,804 | 2,232 | 0,7597
Note. 1. Diffusion coefficients of mixtures 5-7 calculated from formula of [3]. 2.

Values of 8 7, and p taken as for component 1. 3. CgH;, = cyclohexane.

' sDL .
Yo = 504 om—e | (5)
- pefd v
and also the product yew, which we compare with the result previously obtained for the chosen range in vx; if

the two values do not agree, the calculation is repeated for another range in vx.

Measured values have been given [1] for the Soret coefficients for four mixtures: in each case the major
substance was CCly, while the target components were CgHy,, CcHyy, and CgHy, which accumulate at the top of -
the column. Therefore, samples taken from the bottom of the column in [1] corresponded to the negative end,
whereas the calculation was performed for the positive end, and for this reason the Soret coefficients for these
mixtures were corrected in accordance with the method presented above. The first four lines in Table 3 give
the resulting values for s.

In addition, we detérmined the Soret coefficients for several other binary mixtures: n-C,H;q—CgHg, n-
C7H16—n—C16H34, and CGHG_n_C6H14'

We use the apparatus and experimental technique of [1].
Table 2 gives the data on the mixtures and working temperatures.

Figure 2 gives the results; Table 3 gives the values resulting from processing the data ¢, n, and w),
and alsothe results for s. Since the samples were always taken from the bottom of the column, the Soret coef-
ficients for mixtures 5 and 6 were calculated by reference to the positive end, whereas those for 7 and 8 were
calculated for the negative end, in accordance with the sense of variation in the concentration.
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TABLE 3. Results for Soret Coefficients of Binary Mixtures

s-109, deg-1
107, _

Mixture (Table 2) | a-10v.sec™! | folfs | wiom (6) | @ | con rests
i 2,42 2,5 0,169 16,8 12,0 {7]
2 0,93 0,680 0,153 6.6 5.6 [8)
3 1,2 0,931 0,141 6,35 5.4 [9]
1 0,93 0,86 0,119 7,41 5.8 [9]
5 0,94 0,286 0,144 2,2 2,42 [4]
6 0,64 0,378 0,08 2,14 2.3 [4]
7 0,39 | 022 0,22 7.6 6,95 [6]
8 0,3 | 0,141 0,03 2,91 | 2.5 [5]

TABLE 4. Results for Soret Coefficients for CCl, —CgH;, Sampled
at Top and Bottom of Column (Nos. 1 and 2) and for CCl —C¢Hg with
the Top Joined to a Vessel (No. 3)

Impurity concen |
tration in mixture |
k105, | n-107,

| I
No.| Mixwre —_—T i ac | End lsec Y
irnpurity{ mf | l i sec
|
!
|
|
f

! \
1| CCl—CgHyy | CeHy ’ 0,0046 | c4—c, IPosmve 1,26 0,774 | 15,6
2| CClL—GHy | GgHy | 0,0046 | co—cp, | Negative 0,35 10,4 | 15,4
3| CCl—C;Hg CsHs i 0,02 | ¢—ch [Negatlve 0,37 10,214. 6,9

’ |

Table 3 compares our values with published ones [4-9], which shows that in nearly all cases our results
for s are higher than those determined in cells.

Two experiments were performed in order to check out the above method.

In the first case, samples were taken from both ends simultaneously. The column was of height 35 cm,
diameter 22 mm, and, further, had 6 = 0.25 mm, AT = 40°C, T = 318°C; at each end there was a volume of
1.5 ml. The experiments were performed on a CCl, —CHj,; mixture with an initial C¢Hy, content of 0.0046 molar
fraction. The samples were analyzed with an LKhM-7a chromatograph.

We calculated s for each end of the column separately by graphical processing (Fig. 3); sections 1 and 2
of Table 4 give the results, which show that the values from the two ends were virtually the same. In the sec-
ond case, the upper end of the column was connected to a vessel in which a constant concentration ¢, was main-
tained. The samples were taken from the bottom., The column had L = 35 cm, diameter 30 mm, and 6 = 0.25
mm; the other conditions were AT =40°C, T = 318°C with a CCl;—C4H; mixture (0.02 molar fraction). Line 3
in Fig. 3 shows the results, while the calculated Soret coefficient (section 3 of Table 4) was s = 6.9-107° deg™!
Section 4 of Table 3 relates to a column closed at both ends, for which this mixture gave s = 7,41 10~% deg™
The somewhat higher s given in Table 3 for CCl;—C.H, and CCl,—CgHy; mixtures, which are larger than those
from the experiments of sections 1-3 of Table 4, arise because the latter experiments were performed at a
temperature 10°C higher,

From this we may say that the result from (2) for the Soret coefficient is virtually the same for columns
of various designs operated under various conditions no matter whether the samples are taken from the top or
bottom of the column.

This provides additional evidence that the method is reliable.

NOTATION

¢, concentration; 7, time; p, density; 3, volume expansion coefficient; 6, gap width; AT =Ty — TZ;T =
1/2({—T,); Ty, Ty, temperatures of hot and cold surfaces, respectively; B, gap perimeter; 5, dynamic
viscosity; D, diffusion coefficient; L, working height; w= M/mI1; m = pB§; M, mass in volumes near ends; s,
Soret coefficient; vg = [(cg —c¢) /2¢(]- [k —1)/x]; x = Bk — 1/2y% k= 1/yewe 1/2; €= H’r/mK; H =
sgplps® (AT)?B /6!m; K = g*0®g%87 (AT)*B / 917°D; ye = HL/K; r, slope in linear approximation of quadratic term
c(l —c). Indices: e, positive end; 0, initial value; b, bottom; t, top.

LITERATURE CITED

1, G. D. Rabinovich and M. A. Bukhtilova, Inzh,-Fiz. Zh., 26, No. 4 (1974).
2, Landolf—-Bdrnstein, Vol. 5, Part a, Springer-Verlag, Berlin (1969).

599



3. 8. Bretsznajder, Prediction of Transport and Physical Properties of Fluids, Pergamon (1972).
4. J. Demichowicz-Pigoniowa, M. Mitchell, and H. Turrell, J. Chem. Soc. (A), 2, 307 (1971),
5. J. Shich, J. Phys. Chem., 75, 1508 (L969). -

6. H. Z. Korsching, Naturforschung., 24a, 444 (1969).

7. G. 1. Bobrova and M. A. Bukhtilova, Inzh.-Fiz. Zh., 22, 339 (1972).

8. Turner et al., Trans. Faraday Soc., 63, 1906 (1967).

9. M. Story and Turner, Trans. Faraday Soc., 65, 349 (1969).

10. G. D. Rabinovich, V. M. Dorogush, and A. V. Suvorov, Inzh.-Fiz. Zh., 30, No. 3 (1976).

THERMAL DIFFUSION IN A PACKED COLUMN
V. M. Dorozush and G. D. Rabinovich UDC 533.735

A performance analysis is presented for packed thermal-diffusion columns; a method is given
for determining the Soret coefficient for a packed column, and test results are presented.

A packed thermal-diffusion column is a form of gravitational Clausius—Dickel column in which the packing
in the gap affects the convection and hence the separation.

In the first experiments on packed columns [1-3], it was found that the degree of separation is much
larger than for the unpacked case with the same gap, and that the separation increases as the gap is reduced
and the packing density increases. It was found that the time needed to attain the equilibrium state @ very
important parameter) was very large and increased with the packing density.

The thermal diffusion in a packed column has been discussed theoretically [4], and recently this theory
has been improved substantially [6], where it was stated that the hydrodynamic behavior in a packed column
should be described by the infiltration equation

w;_%(gradp—!-t)g)y )

where w is not the actual velocity in the pores, which is a distinction from the Navier—Stokes equation used in

[4], but some effective velocity. In what follows, we retainthe symbols and terminology used in {7]. The theory
of gravitational thermal-diffusion columns presented there indicates that the coefficients in the transport equa-
tion are expressed in terms of the flux function ¢ (x) = —p fwzdx, which takes the following form on the basis of
{1) in the sampling mode: ‘ 0

g = — OF _ ko'GPAT (x
P = Bb | L'(ﬁ l)' : @

/

From (2) we get the following expressions for the transport coefficients in a packed column by analogy with an
unpacked one:

H=i°k_H*(1__%ﬂ), | 3)
& 2

K, = 3°§fk2 : DDe f KZ[l—%usAT+~l-5§(mAT)2], @)

K=%ﬁi : %K&m(p%ﬁ, (5)

K, = %i K. (6)
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