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ABSTRACT

A dynamic model was developed by applying Kubin-Kucera model in case of th porous
solid with bimodal pore structure-gas system to the porous polymer resin with unimodal pore:
structure-gas system. With the model pore diffusivity and polymer gel diffusivity in fixed bed
of porous polymer resin can be estimated simultaneously. Analysing the transient response of
Amberlyst 15-N. system by means of moment analysis, we obtained the Di/7,? value of 102
order of magnitude. And the temperature dependence of the gel diffusivity was represented by
Arrhenius’ equation.
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Table 1. List of GC Method

System Method of analysis Source Remark*
Hz-CuO+Zn0 moment Suzuki & Smith(1971) fixed bed
hydrocarbons-5A moment Shah & Ruthven(1977) ' fixed bed
:S0,-silica gel moment Galan & Smith(1975) fixed bed
‘hydrocarbons-silica gel moment Schneider & Smith (1968) %% fixed bed
N3, Na-silica gel moment Cerro & Smith(1970) fixed bed
‘n-butane-alumina moment Hashimoto & Smith(1974) fixed bed
inert gases-zeolites moment Eberly (1959) fixed bed
N;-acitvated carbon moment Kawazoe et al. (1974) fixed bed
inert bgases, hydrocarbon-activated =~ moment Chihara et al. (1978) fixed bed

carbon
Hz, N2-Cu0-Zn0, glass bzad moment Suzuki & Smith(1972)» fixed bed
CQO;z-activated carbon moment Andrieu & Smith(1982) fixed bed
N2, n-butane-5A moment Hashimoto & Smith(1973) fixed bed
n-butane-NaY Fourier domain Hsu & Hanes(1981) fixed bed
air-activated carbon time domain Wakao et al. (1976) fixed ded
air-silica/alumina Fourier domain Bashi & Gunn(1977) fixed bed
H, Nz-steel ball, He-magnetite Fourier domain Scott et al. (1974) SPDC, SPSR
N2z-porous solids Fourier domain Chou & Hegedus(1978) SPSR
He, Oz-nickel/kieselguhr moment Suzuki & Smith(1972)® SPDC
N:-3A,5A, 13X time domain, momet Lee et al. (1981) fixed bed
He-silica Fourier/time domain, moment Boersma-Klein et al al. (1979) fixed bed, SPSR

* SPDC and SPSR denote single pellet diffusion cell and single pellet string reactor, respectively.
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Table 2. Characteristics of Adsorbet(Kun et al
1967) and Column

adsorbent (Amberlyst 15)

solid phase density = 1.527 g/cm

particle density = 0. 982g/cm?

porosity = 0. 357

ave, pore diameter = 160A

ave. particle diameter = 0.0548cm(—30+35 mesh)
column (copper tubing)

packed length = 29cm

inside diameter = 0.82cm

bed porosity = 0. 428
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Fig. 1. Typical Response Curve
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Table. 3. Adsorption Equilibrium Constants for Ngz:
on Amberlyst 15

temp. °K) 283 323 323 343 373

Ka(em®/g) 0.583 0.083 0.449 0.357 0.325
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< /n/"
X g 1
B
5 B 35
1x10®
T

Fig. 3. Temperature Depsadeace of Equilibriums
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Table 5. Typical Diffusivities and Particle Sizes

effective macropore diffusivity
10~%cm?/sec
1075~10"7em?/sec
effective micropore diffusivity
10~3%cm?/sec
1078-10"cm?/sed
1076-10"15cm?/sec
macroparticle radius
5X 1072 — 2 X 10"lcm
microparticle radius

difffsion of nonadsorbing gases
diffusion of liquids, adsorbing gasss

diffusion of nonadsorbing gases
diffusion of liquids, adsorbing gases

diffusion in polymer gels

adsorbent pellets or beads

107 — 10”%m powder
Table 4 A AJAA}, 648 d3FS A st Da effective macropore diffusivity, cm?/sec
o, A¥ZAA 'Y 96% o] AL doll el D; effective gel diffusivity, cm?/sec
ghe}, D¢ Knudsen diffusivity, cm?/sec
Dy bulk molecular diffusivity, cm?/sec
V. &8 =3 d» macroparticle diameter, cm
E  activation energy, kcal/mol
90 MFE TFZ2E AR T iR 45 & E; axial dispersion coefficint, based on cross-
AZ A AR A THAASD ATAASS sectional area of column, cm?/sec
A AT F v $H g ARsigs.  H defined by Eg. 25, sec
o] B o|F AT FRE 2 Dlr-_"—‘é T4 H, defined by Eg. 26, sec
FR 264 A28 Br-02 EHS Jehj 4H4 heat of adsorption, kcal/mol
Kubin-Kucera 2]z} <=4 0 2 %4 3lc}, ka adsorption rate constant, cm?/gssec
Amberlyst 15- ’\Iz A HE % -E’—Dil E K4 adsorption equilibrium constant, cm3/g

o2 #Aashd 1
ro?ZE dglon, AZAFY LE A
Arrhenius Ao 2 14-3}-14_} ./{—_ 9404 :}. T
o 2age

masstransfer coefficient,
surface, cm/sec

gas-to-particle-

scale of dispersion, Fg. 22,cm
length of packed bed, cm

flux at the external surface of particles,.
mole, mole/cm?.sec

flux at the surface of microparticle, mole-

AL} 8ro] «cm/gesec
Pe Peclet number, edpv/Eq
Nomenclature g amount adsorbed per unit mass of adsor--
bent, mole/g
o particle surface area per unit bed volume, =~ @ defined by Eq. 27, cmR radius of parti-
cm2/cm?® cles, cm
¢ concentration in the fluidphase, mole/cm®  7e radial position in a particle, cm
¢’ concentration in the paricle, mole/cm? Re Reynolds number, sdsvp,/p
D composite molecular diffusivity, defined ri radial position in a microparticle, cm
by Eq. 29, cm?/sec ro radius of microparticles, cm
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Schmidt number, p/psDu

time,sec

absolute temperature, °K
interstitial velocity of fluid, cm/sec
axial position in the bed, cm

Greek Symbols

.8

macropore faction in the particle

0o, 01, 82, 04, Or, 0: moment contributions defin-

ed by Egs. 14 to 19

.0(t) Dirac delta functoin

c
)

7
N4

10.

1L

. M. Suzuki,

. K. Kawazoe, M.

void fraction in the bed
diffusibility, Fgq. 22
particle density, g/cm?®
viscosity, g/cmesec

first absolute moment, sec

’ second central moment, sec?

bed tortuosity factor
macropore tortuosity factor
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