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Molecular sieves(MS) 3A, 5A, B 13X 9] FEF WBR (B N A 20°C T AL W #
g sl Bl B8 k3] Bkl BRI e Stk steble 4 @ ESBRRERS: MISE %R
B REBEAA R

MS 3A, 54, 2 13X ¢ ppKA £% 0.08, 11.22, 2.32 24 3Ad & AL}l AL WEsIA &
ok}, ax BT 0.27~0.33 Yol De = 5A 2 13X o] 4 0.006~0. 008cm?/sec ] ZH& &gl o
U 3A A E ulmd §e ‘ﬂ-?']—q Zkel 0. 004~0. 01cm?/sec & ol gl v},

g ferke] =l Bkl #kshe] 4] stebel B E-& oRelar BRI ARTOl MREE eSSk HEEhg
th 1%k 2El BEdlA] K3 p.Ka v BERK #S bEsE A B 3E Mgled 2% 2HlE
A BEHE ast Dey F ik Akeldl <k} 2E5E ldlch

ABSTRACT

‘The parameters are determined by time domain analyses for flow system(laminar region)
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of nitrogen adsorption on molecular sieves (MS) 3A, 5A, and 13X in a packed column at
20°C. Among the parameters, axial dispersion coefficients and overall effective diffusivities.

are determined from error maps.

The p»Ka values obtained for MS 3A, 5A, and 13X are 0.08, 11.22, and 2. 32, respectively,
and show that nitrogen hardly adsorbs on 3A. The values of a are all in the range of (.27
~0.33, and the D. values of both 5A*and 13X are 0.006~0.008cm?/sec; but the D. value of
3 A has a rather wide range of 0.004~40. 0lcm?/sec.

The parameters are also evaluated by usual moment method and compared with those

from the time domain analyses. p,Ka values obtained from the first order moments are

similar to those from the time domain analyses, but « and D. values from second order

moments show a little difference between the two methods.
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Table 1. Physical properties of adsorbents

Molecular Shape Average Density, g/cc Apparent Void fraction in
sieves dia., cm density, g/cc pellet, %
>40A total
3A spherical 0.20 2.30 1.30 33 52
5A spherical 0.20 2.38 1.21 30 51
13X spherical 0.20 2.32 1.06 31 55
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1. He bomb 2. Nz bomb

3. Regulator 4. Needle valve

5. Pressure gauge 6. Silicagel

7. Rotameter 8. Column

9. Soap flowmeter 10. Thermostat

11. Pump 12. Wheastone bridge
13. Recorder

Fig. 1. Experimental apparatus
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1. Detector
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7. Copper column
Fig. 3. Inserting section of detector (I)

2. Acryl plate
4. Packing rubber
6. Acryl tube
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Table 2.-Obtained data of p,K4, Dax, and D.

Molecular Nge Time domain analysis method Moment method

sieves 0sKa & D../Dy D, 0sKa es Daox/Dy D.
3A 0.05~0.51 0.080 0.27~0.33 0.004~0.01 0. 088 0.35 0. 0025
5A 0.05~9.51 11.22 0.29~0.31 0.007~0.008 11.65 0.29 0.0087

13X 0.02~0.33 2.32 0.29~0.32 0.006~90.007 2.31 0.33 0.0025

Table 3. Experimental Raw Data(MS 5A, N2-Hz System, Ng,=0.20)

Input-Data QOutpt-Data
No Time (sec) Concentration (cm)* No. Time (sec) Concentration (cm) **
1 0 0 1 0 0
2 1.0 0.61 2 70.0 0.0
3 2.0 6.21 3 72.0 0.02
4 3.0 14. 60 4 75.0 0.05
5 4.0 18.30 5 80.0 0.09
6 5.0 17.35 6 85.0 0.17
7 6.0 14.20 7 90.0 0.31
8 7.0 10.65 8 95.0 0.58
9 8.0 7.69 9 100.0 0.93
10 9.0 5.22 10 105.0 1.41
11 10.0 3.55 11 110.0 1.92
12 11.0 2.43 12 115.0 2.41
13 12.0 1.64 13 120.0 2.91
14 3.0 1.14 14 125.0 3.28
15 14.0 0.79 15 130.0 3.53
16 15.0 0.53 16 135.0 3.59
17 16.0 0.38 17 140.0 3.50
18 17.0 0.2 18 145.0 3.28
19 18.0 0.22 19 150.0 2.98
20 19.0 0.17 20 155.0 2.59
21 20.0 0.13 21 160.0 2.19
22 21.0 0.9 22 165.0 1.77
23 22.0 0.08 23 170.0 1.41
24 24.0 0.05 24 180.0 0.85
25 26.0 0.02 25 190.0 0.47
26 28.0 0.02 26 200.0 0.24
27 33.90 0.01 27 210.0 0.12
28 32.0 0.00 28 220.0 0.03
29 33.5 0 29 225.0 0

* Recorder scale; 0.5mV/cm
** Recorder scale; 0.25mV/cm
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Fig. 9. Comparison of experimental and calculated curves
(Nge=0.20, A: moment method, B: time domain analysis)
Table 4. Description for Fig. 9
Symbol Method a D, 0sKa Error (%)
A Moment 0.29 0. 0087 11.65 8
B Time domain analysis 0.30 0.0075 11.22 6
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Nomenclatures

@, @n,b. constants from Fourier series

¢s adsorbate concentration, gmole/g

<¢; intraparticle concentration, gmole/cc

C bulk concentration, gmole/cc

«C(s) Laplace transform of C

.Cp concentration in dead volume where de-
tector being inserted

«C1,Cy bulk concentration of input and out-

put, respectively, gmole/cc

D.. axial gas dispersion coefficient, cm?/sec

D. overall effective diffusivity, cm?/sec

D, molecular diffusvity, cm?2/sec

i J=1

k. adsorptio rate constant, cc/g sec

kr mass transfer coefficient, cm/sec

Ks adsorption equilibrium constant, cc/g

L length of test bed, cm

Lp height of dead volume, cm

N molar flux from gas to particle, gmole/
cm? sec

spspEat MI19R M2z 1981 4H

Nz Reynolds number, 2RU & /v

Nsc Schmidt number, v/D,

Ni». Sherwood number, 2k:R/D,

r radial distance variable in a particle, cm

R radius of a particle, cm

s Laplace transform variable

¢ time, sec

T half-period of Fourier series, sec

U interstitial gas velocity, cm/sec

# gas velocity based on empty column, cm
/sec

x axial distance variable, cm

Greek letters

a e Dax/D,

¢ error between experimental and calcul-
ated response curves

e» bed void fraction

g, particle void fraction

m  first moment

4> second central moment

tn nth order moment

v kinematic viscosity, cm?/sec

po» particle density, g/cc

Superscripts

' Fourier constants in equations for calcula-
ted curve

* Fourier constants in equations for output
experimental curve

Subscripts

calc data calculated
exp data experimentally measured
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