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Abstract— Chromatographic technique was used to determine mass transfer parameters of large-pore particles in
packed columns. Particle and column tortuosity factors were determined by the arrested-flow gas chromatography, and
adsorption equilibrium constant by the arrested-flow gas chromatography and the continuous-flow gas chromato-
graphy. Extraparticle and intraparticle diffusivities could be more effectively determined by the arrested-flow gas chro-
matography, but adsorption equilibrium constant more effectively by the continuous-flow gas chromatography.
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Table 2. Properties of columns used in experi-

ments
f tC (z, t)dt Z colum ol
— column column .
C( = v (I+pK/e) 20) column 1.D length _ bed total
z, t dt (m) m) porosity  porosity
Zalgt 2707 $A45= columnols F3H4 7|A e} empty column 0.310x 1072 295 1 1
v F2hA 7)Ao dxtroleo ae ohE AloF Fof packed column with  0.310 x 102 0439 0.439
Ao} glass beads
packed column with  0.310x10°2 1.96 0.414 0.414
At= % (0 .K/¢) @1 quartz chips
packed column with  0.310x 1072 1.96 0.422 0.854
3 f?_l =1 CSS-1,000LDS ‘
° = packed column with  0.310x 1072 1.07 0.416 0.720
firebrick (for AFGC)
Agzaz g e TCD7F F32bsl 7|4l 22018 gl = packed column with  1.14x 1072 0.270  0.404 0.715
N fi ick (f
£ AHg3lgdch, 8-port switching valve & column irebrick (for CFGC)
Table 1. Properties of particles used in experiments
glass beads quartz chips CSS-1,000LDS firebrick
solid phase density, kg/m3 0.939x 103 2.05%x 103 4.15x 103 1.54x 103
particle density, kg/m3 0.939x 103 2.05x103 1.05x 103 0.734 x 103
particle porosity 0.747 0.522
pore diameter range, A 2.9%x102—1.0x 104 2.0x103—-2.0x 106
average pore diameter, A 3.64x103 1.99x 105
particle mesh size 30-35 60-65 30-35 60-80
average particle diameter, cm 5.5x 1072 2.3x10°2 5.5x10-2 2.2x10-2
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Fig. 1. Response curve at selected arrested times
for column NO-1.
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Table 3. Molecular diffusivities measured in emp-

Table 5. Internal tortuosity factors for porous

ty column? particles
system 4b) D,y x D A system
column . temp (PDy/P)x 104" 104 O error® AP column . particle temp r;,,* AP
N (carrier/ (K) (m¥s) mZs) (%) (kPa) N (carrier/
% tracer) o. tracer) (K) (kPa)

EM-1 Ny/He 313 0.775 0763 +16 0.80

EM-2 0.798 +46 080
EM-3 0.775 +16 069
EM-4 0.792 +38 059
EM-5 0.794 +41 059
EM-6 NyAr 0.210 0217 -32 027
EM-7 0213 -18 032
EM-8 NyCO, 0.182 0.176  +34 044
EM-9 0.166 -57 045
EM-10 He/CO, 0.633 0621 +19 093

EM-11 Ny/CO, 328 0.190 0194 -21 041
EM-12 Nyo/He 343 0.939 0896 +4.8 048

EM-13 0.914 +20 045
EM-14 Ny/CO, 0.205 0.206 -0.49 044
EM-15 NyAr 0.244 0255 -43 0.5
EM-16 NyHe 373 1.040 1040 0 021
EM-17 1.060 +19 049
EM-18 Ny/Ar 0.300 0205 +17 051
EM-19 0.283 -41 020
EM-20 N,/CO, 0.223 0239  -67 0.60
EM-21 0.228 -46 057

) All vacant entries in the Table are indential to values
above.

 P,=1.013x 102 kPa

9 Value predicted from the correlation of Fuller et al.

9 Compared to correlation of Fuller et al.

Table 4. External tortuosity factors for columns
packed with nonporous particles, T=
313K, He tracer in N, carrier

column No. particle a mesh size 7., AP(kPa)

25/30 1.37 1.33

NO-1 glass beads 0.439

NO-2 glass beads 0.439 25/30 1.35 1.23
NO-3 glass beads 0.439 25/30 1.35 1.35
NO-4 glass beads 0.439 25/30 1.30 2.55
NO-5 quartz chips 0.414 60/65 1.40 3.84

ot £ AT7elA 7 QANEES R e, 7,,=
I3/1.58 (spherical-cell pore model[15]) %% 7.,
=1/8(random pore model[16])%} vla2 =& A5}t
+ Aoz =)

4-4. HXM J|xjof) cigh Zn}

PO-1 NyHe CSS-1,000LDS 313 1.78 0.55
PO-2 No/Ar CSS-1,000LDS 313 1.72 0.52
PO-3 NyHe CSS-1,000LDS 313 1.75 0.78
PO-4 Ny/He firebrick 313 2.06 4.83

* values calculated by using z,,,=1.36 (average value

from Table 4).
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Fig. 3. Typical plot of S, vs. tg for firebrick col-
umn.
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Table 6. Adsorption equilibrium constant***

column temp volumetric AP PR
No.** (K) flow rate (m¥s) (kPa) 7
PO-5 313 1.88x 1078 4.72  0.0926
PO-6 313 1.98x1078 5.23 0.211
average for 313K -------- 0.152
PO-7 343 2.07x107® 5.44 0.152
PO-8 343 1.99%x1078 521 0.0547
average for 343K -------- 0.103
PO-9 373 2.22x10°¢ 6.11  0.103
PO-10 373 2.21x10°8 6.27 0.103
average for 373K -------- 0.103
CF-1 313 0.116*
CF-2 328 0.0968*
CF-3 343 0.0781*
CF-4 373 0.0502*

* determined trom the slope of the lines in Fig. 4

** PO-5~P0-10 = packed columns for AFGC, CF-1~
CF-4 = packed columns for CFGC.

*** carrier = Ny, tracer = COp,
brick.
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Fig. 5. van’t Hoff plot of adsorption equilibrium
constant.
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NOMENCLATURE

Bi : Biot number, kR/D,

C(z,t) : concentration in voids outside of pamcles

_ mol/m3

CJfz) : initial concentration profile, defined by Eq.
()

fl(t) : Fourier transform of C(z,t)

C, : Fourier transform of C(z)

D : composite diffusivity, defined by Eq. (18),
m¥s

D, : effective column diffusivity, m%s

D; : effective intraparticle diffusivity, m%s

Dy : Kundsen diffusivity, m¥s

D, : molecular diffusivity, m%s
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L
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N < <« <
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: effective extraparticle diffusivity, m%/s

: correction factor, defined by Eq. (15)

: adsorption equilibrium constant, m%kg

: parameters, difined by Egs. (4) and (5), re-
spectively

: fluid-to-particle mass transfer coefficient, m/s

: pressure, Pa

: standard atmospheric pressure, Pa

. particle radius, m

: spatial variance, m?

: spatial variance in flow period, m?

: spatial variance in arrested-flow period, m?

: time variable, s

: time variable in arrested-flow period, s

: retention time, s

: difference in retention time, defined by Eq.
2n,s

: interstitial velocity of fluid, m/s

¢ superficial velocity of fluid, m/s

: pulse velocity, defined by Eq. (22), m/s

. axial coordinate, m

Greek Letters

3

N D RN R R A
©

8

int

: void fraction of column

: particle porosity

: diffusivity ratio function, defined by Eq. (13)

. function, defined by Eq. (1)

: total porosity of column

: Fourier domain variabie with respect to z

: particle density, kg/m®

. dimensionless time, D,/ 8R?

. extraparticle tortuosity factor, defined by Eq.
(16)

: intraparticle tortuosity factor, defined by Eq.
(17)

: parameter, defined by Eq. (3)

. parameter, defined by Eq. (2)
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