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Abstract—A new method to estimate the macro- and micropore(or macropore and solid phase) effective
diffusivities of the bidisperse particles was introduced. This method used the relationship between the single
and two effective diffusivities which was obtained by matching the second moments or variances from the
single and two effective diffusivity diffusion models. It was shown that the new method was suitable for
estimation of the two effective diffusivities, based on the results of experiments to adsorb n-butane gas
in the beds packed with alumina or zeolite 5A particles.
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Table 1. Parameters used in the simulation of the adsorp-
tion bed packed with alumina

System: n-butane-helium on alumina at 30T

L=112 cm; v=8 cm/sec; £=0.395

€,=0362; £=0.415; &=0

r.=0.0024 cm; R,=0.0272, 0.0384, 0.0537 cm; p,=0.664
g/cm?

K=870 cm’/g; k,=600 cm?/g-sec

D,=0.032 cm%/sec; D;=0.0004 cm?/sec

D,=0438 cm¥sec; D,=0.344 D,,+0.032 ev [cm¥/sec]
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Fig. 1. Three dimensional plot for the surface of the sum
of the error squares,

0.00 0.02 0.03 0.04 0.05
r2/0

Fig. 2. Two-dimensional contour plot for the sum of the
error squares.

% 4 slek
ol 71 g2l B oAt el 7ol ofe)
Qe vl ARE AR SO Ja st Eate

2 AT DE A OABAR FFE T A
32 A7l gol YR YrHoz 4YUAe) 2

N
il

& Dejstust shs Aol A9} Ay 2707

E
2o lAYAE Yestel 2 QAT BE F BA-E
F& B 2717 o YAE Azxdeh o] A% 4

N
-

oy Auy) dee) 4 AHEE ¢, 6, 6
Rk FARYS Ke Suwe) @

4 oo
ol

fa
N

i

38t s M33AH M3E 1995 68

Foln AYFAL S FAAE 2FFYshe AR
stE2A S da7pge) 3¢ F2%3e A 5 9
2on2 A (2)4 A9 Be dA=vieh FE 4
T2 ik w2bA wbAe] gl wlAlAE & YAz
AP F BA-E3S B3 2L UAe] wbAEe) )
Ryo%t Rpolzt & o, 5 fag4A4 D,2} Dis iR}
azpasist F#stez A (DS 74 sizkzz)e ds)
oh3-3t 7ol viehd = glom, o] o el G A AR
Dye A (Dol &8 A¥datarls) g2 Ao

2 p
Rﬂo Rp(]z I 2

=—"+B-= 4
Dp() Da Di ( )
Rp12 RPIZ 1}2

S L
D, D, D; (5)

9 F 44 D3} DE Faial,

— Dponl(g_ 1)

D.=—p (6)
_{ %\ DuDnB-1)
b <R,,0) &(Dy—Dy) @
o37]4
(R
&= R,,o) ®)

a2t Fx9lAte 275 Zels] FArise] "o
ol WtE zZojE gy $FFAS Ja o] AY
S e gaAl e e] A7ked o A 2] FAw}
< B3 dAe] 270 g F gd FEYHS
Dyt D& FA3A 0| F7| T 271 REE 2 YAtk
D2} D= §19| siat Al o2 HE] Ak 5= 9ok
A gefolEg]Ate] Aoz o]FI|FAVIEEE T}
e At sl H8she Fabds ez B
w] Al zpel] g BAEA S I ALS3l| % sk, v
H7)ge] wig ztold slF W FAHEAR v)FEE
T AR AsAgo i UnbHoz g
AbAber 2 A zbsle Al #4F2(solid diffu-
sion equation)& | &3l7ix el v|H 7|39 A
AHA G D Al-gEo)E A Ao thE 24 (solid phase)
FrAgAHH T D2 vl A = o] &7 #le D=
K'D&E Fojzich Suspial, o ¥-Aqt B3 18]
I dA W 7T YA A1 AYEAS A S HER
739 gl 2habA| e Rd[8]3 Al gete]| ERF-2f 3 A}o]|
g AdZF 2 o F fARIA Fiked
[(F22z]9 FAe dHA71R GAe} mkarix g
ZupskR-Aba) o) ¥-7det BAADGAE T FIAEE



L I B

o og FAAG 5 A2 gagel daprel 3
PAYRL T P b e R 5 9o, o] w
AU FAE PAT SRS FABYE YD
A3el A getol R Yol el Kim(5]e] w58
A QA5 ek,

RE_RE

D, D, +ZD(, (9
]7]4

(1—¢e,~&)K’
fe.+ (1—&,—e)K'}? a0

K'e vl A 2 715 F3bgeed] didh F3g3alse
24 FHA FA N5 FAeEe I F323H 3
A4 Kobe ohg-9] 37} Ad-dgh.

pK=(1—-&—&)K (11

st ohobA s, ASetole AYe) 27|t Rov
44" giae) 2712 b A9 o Aol4 D5k D.g
A4rg 5 ek

DyDp(E- 1)

Dy=—r (12)
Dpoé_Dpl

(13)

:( I, >2 &»Dp]Z(é_ 1)
’ Rpo E(Dpl_DpO)

3. =g&

azvteady Aoy Fabere] A Aol
Al Fetaral shs &b g o) 9o AR AT
(Fua B4h 474 A, P53
#4994, E 2geb) Hee AY e
ol 5o A& Fo] Adysjojol v2 L kA TS
Has] 4% Qloke A% + de &
alek 4714& °]Eﬁ} Bk EAE st
Ard W2 FPe] ARy
zalEgfo|ut Aol 77 %’1}“&‘ R A S A
el AFES 71X e dpet ZhFsta vhA) st
Ag(E)ate] v)=] e efj7pdpata 7P’(o‘5}| g8 B

plac

3-1. &=Foluxt

249 Fupy-8 71 2-3}7] 98] Hashimoto®} Smith
(717} A% 0|37 27 2 70 ol 3
HZof 3 n-¥ute] FAH2E(Table 1 ¥2)E
gttt Zeley S o 43 ol&o UP A 9

A ARE A 331

Table 2. Single effective diffusivities for the hypothetical
response curves generated using the two effective
diffusivity diffusion model for the bed packed
with alumina

R, cm D, cm¥/s
from curve fitting from eq. (1)
(1) 0.0272 0.01622 0.01620
(2) 0.0384 0.02152 0.02149
(3) 0.0537 0.02563 0.02560

Table 3. Macro- and micropore effective diffusivities com-
puted using eqs. (6) and (7) for the bed packed
with alumina

7D, em¥s D; cm?%/s remarks
0.03207 3.999x10~* & @)
0.03203 4.010X107* 2) & (3)
0.03205 4.003x<10°* 1) & (3)
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Fig. 3. Comparison between the generated hypothetical
experimental and the curve-fitted response curves
for the bed packed with the alumina pellet of R,=
0.0384 cm.

Table 4. Parameters used in the simulation of the adsorp-
tion bed packed with zeolite SA

System: n-butane-helium on zeolite 5A at 175C
L=10.8 c¢cm; v=8 cm/sec; £=0415

£,=0.321; =0.253; £=0.074

r,=0.000186 cm; R,=0.0114, 0.0271, 0.0384 cm; p,=1.205
g/cm®

K=500 cm®/g (K’ =996°); k,=2000 cm®/g-sec’(k,’ =0.247
cm/sec’)

D,=0.0303 cm?/sec;
107 cm?/sec)
D,,=0.755 cm?/sec; D,=0.17 D,,+0.009 ev[cm?/sec]

211§,,k, =2+ 1458""Re'"

n

D,=199X10 7 cm*/sec(D,=2X

Sh=

a. computed from p,K=(1—¢,—&)K'
b. assumed value

I Dﬂ

3 1 k(l
d. computed from D,=K'D,

e. taken from Chiang et al.[11]

c. computed from k,'=
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Table 5. Single effective diffusivities for the hypothetical
response curves generated using the two effective
diffusivity diffusion model for the bed packed
with zeolite S5A

D, cm¥/s
R, cm e
from curve fitting from eq. (1)
(1) 0.0144 4.462X1071 4461x10°¢
(2) 0.0271 2.362X10°% 23591073
(3) 0.0384 4401X10°* 4.392x1073

Table 6. Macro- and micropore effective diffusivities com-
puted using eqs. (6) and (7) for the bed packed
with zeolite 5A

D, cm%/s D; cm?¥/s Remarks
0.0307 199X 1077 1 & @
0.0307 1.99X10°7 2) & (3
0.0307 1991077 1 & (3

Table 7. Single effective diffusivities for the hypothetical
response curves generated using the zeolite-type
two effective diffusivity diffusion model for the
bed packed with zeolite SA

R, cm D, cm?/s
from curve fitting from eq. (9)
(1) 00144 4.466x10* 4.465x107*
(2) 0.0271 2.364x10° 2.361<107°
(3) 00384 4.405X107* 4396X1073
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Table 8. Macropore and solid-phase effective diffusivities
computed using eqs. (12) and (13) for the bed
packed with zeolite 5A

D, cm?/s D. cm?/s Remarks
0.0307 2.00X10°1° & @
0.0307 200X 1071 @ & @
0.0307 2.00X10° &G

2.4

2ol —m Cymogel With Dg=0.0303

ond D=2x10""% cm?/s
C1 rmoget With D;=0.002364 cm?/

#1 % {Cy mogel OF C,model)
N

L L L

0.0 0.5 1.0 1.5 2.0 2.5 3.0
t/my

Fig. 4. Comparison between the generated hypothetical
experimental and the curve-fitted response curves
for the bed packed with the zeolite SA pellet of
R,=0.0271 cm.
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: variable defined in eq. (2)

: concentration in the mobile fluid of the bed

: Laplace transform of the concentration C

: concentration in the stationary fluid of the mac-

ropore

D, :macropore effective diffusivity

D. :solid-phase effective diffusivity of the zeolite cry-
stal

D, :micropore effective diffusivity

D, :molecular diffusivity of the n-butane in the gas

mixture

OO0 w

D, :single effective diffusivity in the pellet

D, :axial dispersion coefficient based upon the col-
umn cross-sectional area

k, :adsorption rate constant

k., :adsorption rate constant for the zeolite pellet

k, :external film mass transfer coefficient

K  :adsorption equilibrium constant

K’ :adsorption equilibrium constant for the zeolite
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pellet
L :bed length
N  :number of data points
q :adsorbed concentration based upon the volume
of the zeolite crystal
r, :radius of the microparticle, or zeolite crystal
R :radial coordinate in the pellet
Re :Reynolds number
R, :radius of the spherical pellet
s  :Laplace transform variable
Sc  :Schmidt number
t : time
v :interstitial velocity
z : coordinate of the bed in the axial direction
Z  :variable defined in eq. (10)
aglo|Aa 2X}
3(t) : Dirac delta function
€ :bed void fraction
€  :macropore porosity
& :volume fraction of the binder
g :micropore porosity
g :pellet porosity
g1 :mean or the first absolute moment
o’ :variance or the second central moment
&  :variable defined in eq. (8)
p, :apparent particle density
SR}
1 :single effective diffusivity diffusion model
2 :two effective diffusivity diffusion model
z  :zeolite-type two effective diffusivity diffusion
model
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DR |, TGO -G R DL 2] =
(A6)
p, %4 :k«'[C(,(z, R o 2R ]
a P K
a| - (A7)
ar re0

Laplace® #+-2- %3l Laplacesl & 73}d o}-g-3} 7tc),

RV R YE) P
av

2D,

C(L, s) :exp{
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o§7] A
d(s)=s+ g— }—;_e'kf{l -
‘4
k*sinh(Ryy/w)

Duy/¥-cosh(Rpn/w) + (ki — %_) -sinh(R/D)
' P
(A9)

_ &
w(s)= D [s+
r.-k,'¢{ro/s/D,- cosh(r./s/D.) —sinh(r./s/D.)}
v/Dis-cosh(r/s/D,) + (%—- Lr)(—)sinh(r[\/ s/D.)

(A10)

_ 3(1~g &)

¢ —D, (A11)
Eqlc

van der Laan#2]& o]&3le] melAle] S5l

WE s LA Fabe 2] he o2 Fol ek

L
LrD, (148)?
ozzz—[»< - ) +5a+5r] (A13)
vig v
o714
1-¢
8= e {8«+(1_Eﬂ—8h)'K’} (A14)
1-¢ J1 R* 1R,
=16+ (1—¢,— '2(— L +—‘—)
5, e {Ea (1—¢, EA)K} 15 D, 3k
(A15)
1—¢ 1 r? r K :
=———(1--¢,— l——+—— Al6
b=—"(1-a K S m) (A16)
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