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Abstract

The problem of diffusion and reaction in catalyst pellets is considered for the cate@fer reactions. The Adomian decomposition
method is used to solve the nonlinear model of diffusion and reaction and to obtain approximate solutions. The variation of reactant
concentration in the catalyst pellet and the effectiveness factors are determined for second-, half- and first order reaction. The approximate
analytical solutions obtained are compared with solutions obtained with a finite difference numerical method. In general, the Adomian
polynomial method with three terms gives solutions comparable to the numerical procedure for Thiele modulus approximately up to 4.0.
© 2003 Elsevier B.V. All rights reserved.

Keywords:Catalyst pellet; Model; Diffusion and reactionth order reaction; Adomian polynomial; Effectiveness; Thiele modulus; Numerical solution

1. Introduction solve nonlinear models of fluid flow, heat transfer and chem-
ical reactor by using pre-programmed computer packages.
Nonlinear problems frequently arise in engineering, but The difficulty in the solution of such problems occurs when
many texts are oriented towards linear problems due to thethere is a large change in reaction rate, where the method
difficulty of nonlinearity. Adomiari1] has developed the de- ~ does not always converge and convergence may depend crit-
composition method to solve the deterministic or stochastic ically on the initial guess. A disadvantage of numerical tech-
differential equations. The solutions obtained are approxi- niques is that they cannot give analytical expressions as
mate and fast to converge as shown by Cherrf]lt In solution.
general, satisfactory results can be reached by using the first In this paper, the Adomian decomposition method is in-
few terms of the approximate, series, solution. The Ado- troduced into chemical engineering, to solve the nonlinear
mian method has been used to solve several mathematicamodel of diffusion and reaction in porous catalysts with
problems in science and engineering, but there has been n@rder reaction and to obtain approximate analytical solu-
reported application in chemical engineering to date. tions. Such expressions are of immediate value to catalytic
The model for coupled diffusion and reaction in porous reactors as they enable rapid estimation of the effect of pore
catalyst pellets generates a typical differential equation in diffusion on reactions in porous catalysts via the well-known
chemical engineering. Thie[8] obtained the analytical so-  concept of effectiveness.
lution for the first order reaction in 1939, and then Wheeler
[4] and Aris[5], etc. discussed this problem in details in
their books. However, most of their conclusions were base
on the analytical solution for the irreversible reaction with : : . : L
the first reaction order. Several researchers, such as Satterfild,. An !mpqrtant problem_ n chemu_:al engineering Is to pre-
[6], have considered solutions for the nonlinear model with dict d|ffu§|on and reaction rates in porous (_:ata_lysts Wh‘?”
. . . the reaction rate can depend on concentration in a nonlin-
nth order reaction, but approximate solutions were not de-

. . . . ear way. In this heterogeneous system (solid material with
rived. Finlaysor{7] has applied many numerical methods to pores through which the reactants and products diffuse),

* Corresponding author. Tel:+44-191-2228771; the syster_n is mod_e!led as simple dlffu3|on_ using an effec-
fax: +44-191-2611182. tive diffusion coefficient. We assume for diffusion that all
E-mail addressk.scott@ncl.ac.uk (S. Keith). the microscopic details of the porous medium are lumped

d2. The model of diffusion and reaction
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Nomenclature

Ay Adomian polynomial

c dimensionless concentration
c concentration

De effective diffusion coefficient
k reaction rate constant

I catalyst pore length

L linear operator

m terms in the Adomian polynomial
n order of reaction

N nonlinear operator

r reaction rate

R remainder of linear operator
X dimensionless co-ordinate dimension
X co-ordinate dimension
Subscripts

0 positionx = 0

1 positionx = 1

Greek letters

n effectiveness

0 approximate solution

¢ effectiveness factor

together into the effective diffusion coefficiebt for reac-
tant. With this approximation a mass balance on a volume
of the porous medium gives
X . Deve )

_— = . c —r(c

ot °

wheret is the time,c’ the chemical reactant concentration,
andr(c’) the rate of reaction per unit volume.

(1)
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is characteristic of diffusion, heat transfer and fluid flow
problems.

We consider the reaction A- B, with the rate depending
on thenth power of concentration of A, denoted kg”,
where the reaction constaktis a function of temperature.
The goal is to predict the overall reaction rate, or the mass
transfer in and out of the catalyst pellet.

For a suitable solution, dimensionless equation can be
derived fromEgs. (2)—-(4)by lettingx = x'/l, ¢ = ¢'Icg. For
an isothermal reaction that ith order and irreversible in
planar geometry, we obtain

d?c

@ — ¢2Cn = 0 (5)
dc

x=0, o =0 (6)

x=1, c=1 (7)

where the Thiele modulugy? = kol?cj */De. The group
l/l(kocgfl) is a characteristic property for reaction, while
D¢/l is a characteristic property for diffusion. The Thiele
modulus thus measures the relative importance of the diffu-
sion and reaction phenomena.

In catalytic reactors, the effectiveness factor is defined
as the average reaction rate, i.e. with diffusion, divided by
the reaction rate if the rate of reaction is evaluated at the
boundary condition value at = 1. The last quantity is the
average reaction rate if diffusion is very fast, presenting no
limitation to the mass transfer. The effectiveness factor is
generally given by

_ folrl (c(x)x*Ldx

folrl(l))c“—1 dx

(8)

The parameter = 1, 2 and 3, respectively, for flat plate,

Let us next assume that the diffusion occurs, at a Steadycylindrical or spherical geometry. We can integrig. (8)

state, in a porous slab that is infinite in two directions, giving
a large plane sheet with diffusion through the thickness of
the sheet. We thereby simplifyg. (1)to one dimension by
assuming negligible variation of the concentrations inythe
andz directions, to give, whelg is constant

d2c’  r(c) _o
dx2  De

wherex' is the diffusion distance.

)

over the domainc = 0-1 and rewriteEq. (8)as
_a (de/dx)(1)

T e

At small ¢, the effectiveness factor is close to 1, meaning

that the rate of reaction is relatively uninfluenced by diffu-

sion. For largep, the effectiveness factor is smaller than 1,

meaning the average reaction rate is lower than that without
diffusion limitations. This effect must be correctly modelled

(9)

Here, we consider one side (or the centre) of the slab asby the chemical engineer in the design and operation of cat-

impermeable (no flux) and the concentration is held fixed at
the other side. The two boundary conditions are

dc/
x5 =0, —De = 0 3
x =1, ' =cj (4)

The problem inEgs. (2)—(4)is an ordinary differential

equation and a boundary-value problem. This nature of

boundary-value problems, i.e. having conditions at each

end of the domain, complicates the solution techniques butFy = g(x)

alytic reactors.

3. The solution with decompaosition

In general, a differential equation can be expressed by an
operator equation. With the first decomposition, the original
deterministic nonlinear differential equation can be written
into Adomian’s general form as

(10)
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Fy=Ly+ Ry+ Ny = g(x) (12)
whereL is a linear operator and is the highest order differen-
tial, R the remainder of the linear operatdtthe nonlinear
operator of an analytic nonlinearity, ag@) an inhomoge-
neous or forcing termEq. (11)can be solved by applying
the inverse operatdr—1
L™y =Lg(x) — L7'Ry— L™ INy (12)
whereL~! simply symbolises-fold integrations for amth
orderL.

In the case oEq. (5) for an isothermatth order reaction
in a slab of porous catalyst

/f[ ]Jdxdx, y=¢, R=0,¢g=0

The solution of equatioizq. (5)can thus be described as

L= )
dx2

Lc = ¢°Nc (13)
Processing the inverse operation, we have

L™c= L 1¢°Nc (14)
c=¢’L'Nc+ ¢ (15)

According to Adomian’s work[1], the expressions for
Ao, A1, A2, ..., Ay, Can be written as

Ao = ho(co) =
A1 = hi(co)c1
3[h2(co)e? + 2h1(co)ca]

2[h3(co)c3 + Bha(co)crca + Bh1(co)cs]
Z[ha(co)ct + 12h3(co)c3ea + ha(co) (12c3
+ 24c1c3) + 24h1(co)cal

flco)

(21)

1
Ay = _|[hv(C0)]

mt "
hy(co) = (@) fleM)]h=0 = (@) Sflco)

where

co = constant
c1 = ¢?L 1A
c2 = ¢?L 1A
: (22)

cm = P?L71A4,,

Secondly, the solution process is assumed to be given by

decomposition, i.e.

c=Y e (16)
m=0
Ne= flo) =) A (17)
m=0

whereA,, is called the Adomian polynomial.
Collecting termsEgs. (16) and (17¢an be parameterised
as

o
c = kacm =co—|—)»6‘1+)u2C2+"' (18)
m=0
Consequently,
o
Nc= f(c) = flc()] = D 2" Ap (19)

m=0

wheref(c) is to be specified and assumed analytical.in
SubstitutingEgs. (16) and (17)nto Eq. (15) we obtain

o0 o0
mecm = ¢2L_1kaAm

m=0 m=0

(20)

Then the particular solutions afx) can be written directly
as

Ao = ¢
1
= ¢>2c8x2
_ ¢2 2n—1 2
— ¢4 2n— 1 4
4 -3
AZ — 7 n¢4 3n—
4n — 3n
CS — ¢6 3n— (23)
3 — 632 + 3n _
As = = ¢ecgn 3,6
34n% — 6312 + 3 _
c4 = T ¢8cg" 3,8
_ 4961* — 155413 + 168%% — 630 g 5, 4 g
4= 8l P X
- 4961* — 15542 4 168%2 — 63 10,5n-4,10
5= 10! © ¥
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4. Analytical approximate solutions with three terms

Let the approximate solutiom,,11(x) = > . _oCm,
Om+1 — casm — oo (0 < 6,41 < 1). We will first

derive the approximate solution for a first reaction order to

An expression of the approximate solution for= 1, 631
denoted, can be written

1 1
031 =co (1 + E¢2x2 + E¢4X4> (28)

compare to its analytical solution, and then the approximate FOr the reaction order = 2, we have

solutions with common nonlinear reaction orders—second

and half.
4.1. The linear case

For the first order reactiom = 1, thef(c) is linear. Hence,
we have

1 om . _om
Cm = M¢ cox -,
o o0 1
n;cm =g |:1 + mz:l [@qbzmcoxzm]] = co cosh¢x)

(24)

Substitution of the boundary conditioksys. (6) and (7)the
analytical can be obtained
_ cosh(gx)

~ cosh¢) (@3)

4.2. The nonlinear case

The approximate solution can be described

Omt1=co+c1+c2+ -+ cm
1 n _
=co+ Ed)zchz + Iqﬁ“cé” 14
3413 — 6322 — 3n _
+ 6] ¢608n 2x6
3473 — 6312 4 3012
+
8!
4961* — 15543 + 168912 — 63n _
+ ol ¢1ocgn 4x10

¢8an—3x8

ot (26)

Taking the first three terms &fq. (26)and using the bound-

ary condition
x =1, c=1

Eqg. (26)becomes

1 n _
Oms1 =co+c1+c2=co+ E¢2€8x2 + E¢4c(2)” L4,
1 n _
l=co+ Eqbzcg + E¢4an ! (27)

For the reaction order = 1, we have

1, 14 _ 1, 17"
1=CO+E¢CO+Z¢CO’ Co—(1+§¢ +47¢

1 2.2 2 4.3
1:c0+5¢ CO+E¢ fos

Solving the algebraic equation of the third degree, the root
can be obtained

J8 12 2

PO
An expression of the approximate solution o= 2, 632
denoted, can be written

co =

1 2
032 = co+ §¢Zc(§x2 + $¢4ch4 (29)

For the reaction order = 0.5, we have

1 2 .05 O'540
1=co+5¢ o +E¢ fors

Leta = 3, then

1 2
3= —1+a®+ Eqﬁza + 54)4

Solving the algebraic equation of the second degree, the root
can be obtained

“2711(\/§¢4+16—¢2>, co = a?

An expression of the approximate solutionfo= 0.5,03 05
denoted, can be written

1 2
0305 = co + §¢268‘5x2 + gt (30)

4

5. Theapproximate solution with morethan threeterms

To obtain the value of rooty from Eg. (26) we have
to use a numerical method, for example, the Newton’s ap-
proximation, except in the case of a first reaction order. For
example, we consider the expressions with six terms are as
follows.

Taking the first six terms dtq. (26)and using the bound-

ary condition
c=1

x =1,

Eq. (26)becomes

1 n 2n—1 4]12—31’1 6 3n—2
l=co+ zqﬁzcg + E¢4601 + e ¢ CO”
193 - 181% ¢ 4, 3
TR
481n* — 15092 4 165%2 — 63 _
+ ¢10C(5)” 4 (31)

10!
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Table 1 have for the solution
The values of rooty for n = 2 at various values of parametgr
12052 2404 106—0‘56
é Four terms Five terms Six terms 06,2 =co + 545 co X"+ m¢ cox + a‘ﬁ Cog X
0.5 0.8959 0.8959 0.8959 80 1000
1 0.7125 0.7123 0.7123 + E(bsco 1x8 W¢10% l.5x10 (34)
2 0.4467 0.4444 0.4439 ’ ’
4 0.2232 0.2176 0.2144
10 0.0716 0.0635 0.0621

6. The effectiveness factor of the catalyst

By using theEq. (9) the analytical expressions for the
Then we can determine the meaningful real root of the poly- effectiveness factor can be obtained frius. (27), (29) and
nomial, 0< ¢p < 1. (30) with three terms

(1) For the reaction order = 1 i(dC/dx)(l) _ i(dc/dx)(l)

BEETom T 1
1o, 1,4 1¢ 1g 1 49 n o2 o1
1=CO<1+5¢ +I¢ +a¢ +§¢ +ﬁ¢ ; =CS+§¢>CO (35)
1 1, 1, 16 14 1 07t For the reaction order = 2, the effectiveness factor
co = +§¢ +Z¢ +a¢ +§¢ +1—O!¢ , X ,
1 ,, 1., 166 (48 12 2 * (/8 12 2
96,1=C0<1+z¢x +Z¢x +§¢x n32 = ﬁ‘l‘y—qﬁ—z +§ $+¢—4—@
1 1 (36)
n = $8x® + = ¢1ox10> (32)
' . For the reaction order = 0.5, the effectiveness factor

(2) For the reactiom = 2 1 204 4
13,05 = % +16—¢? | + % (37)

1 2 10 80
1=co+ §¢2c3 + mwcg + a¢6cg + w%g

The general expression for the effectiveness factontor
1000 40 6

+ W¢ 5 reaction order can be derived froBg. (26)as
O6.2 = co+ %qﬁzchz + %df‘c%x“ + gqﬁscéxﬁ NMmtin = W =cp+ %¢203"_1
+ %)(bschs + 110—(;)!0‘151%8)510 33) N 4;125—| 3n P2 19:137—| 18’12¢6cg"*3
The values for the roots af are given inTable 1 n 481n* — 1509:° + 1659” — 630 $8c8
(3) For the reaction order = 0.5 9!
+-~+q%%(l) (38)

1 205,054,400, =055 o5
1=CO+E¢) Co +j¢ CO+T¢ CO

2125, , -588125 4 c
gl P T o ¥ %

The effectiveness factor calculated lBy. (8) or (9)may be
different for numerical and decomposition methods.

The roots of the polynomial can be calculated for dif-

ferent values of Thiele moduli, as shownTable 2 We /. Discussion

For this problemgcy, the root of the polynomial, is the
value ofc atx = 0, where the boundary condition is/dx =
0. We can only obtain all of the forms of partial solutions
if the cp is known. It is obvious that, the stronger the non-

Table 2
The values of rooty for n = 0.5 at various values of parameter

¢ Four terms Five terms Six terms |inearity of the problem, the more terms will be required in
0.5 0.8813 0.8813 0.8813 the approximate solution. The nonlinearity depends on both
1 0.5946 0.5946 0.5946 the function and the value of parameter

15 0.2965 0.2987 0.2959 In this work, we obtain typical variations of reactant con-
2 0.1160 0.2176 0.2144

centrations in the catalyst pellet and effectiveness factors

25 0.0642 0.0635 0.0621 . = )
using the decomposition method and compare them against
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0.5

Dimensionless Concentration ¢

Dimensionless distance x

Fig. 1. Variation of concentration in porous catalyst as a function of Thiele modulus for a first order reaction. Vapues fijure. Numerical/analytical
solution overlap as solid lines. Values of Thiele modulus increase from top to bottom as 1, 2, 5, 10. Adomiam decomposition three, four, five and six
terms increase from top to bottom of associated curves.

values obtained by a numerical solution. The numerical so- 7.1. Concentration profiles
lution method is a finite difference procedure based on New-

man’s BAND method8]. The BAND method has proven Figs. 1-5show the variation in dimensionless con-
to be very effective for solution of nonlinear problems of centration in the catalyst slab as a function of Thiele
diffusion and reaction in electrochemical syste®is modulus.

Reaction order=1, Thiele number=0.5,1,2,4,10

1 T T T T T T T T T

e o 9o
N ®  ©

o
)

Dimensionless concentration ¢
© o o
w B w

o
)

e
o

L

0 -t L
0 0.1 02 03 04 05 0.6 0.7 08 0.9 1
Dimensionless distance x ___numerical,---approximate with 3,4,5,6 terms

L

Fig. 2. Variation of concentration in porous catalyst as a function of Thiele modulus for a second order reaction. Values of Thiele modulus ancrease fr
top to bottom. Numerical solution (---). Adomiam decomposition three, four, five and six terms increase from top to bottom of associated curves.
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Reaction order=2, Thiele number=0.5,1,2,4,10

1 T T T T T T T T T

Dimensionless concentration ¢

L 1

0 1 1 1 1
0 0.1 02 03 04 05 0.6 0.7 08 0.9 1
Dimensionless distance x ___numerical ---apptoximate with 3,4,5,6terms

1

Fig. 3. Variation of concentration in porous catalyst as a function of Thiele modulus for a half order reaction. Vaué3.®f1.0, 1.5, 2.0) increase
from top to bottom. Numerical solution (---). Adomiam decomposition three and four terms.

For a first order reactionHg. 1), the classic trend of three-term approximation does not yield satisfactory agree-
a greater nonlinear variation in concentration profile with ment with the numerical solution. However, on increasing
increase in Thiele modulus is seen. The numerical methodthe terms to six in the decomposition method, a reasonable
gives agreement with the analytical solution to within agreement with the numerical solution is achieved.
0.00001 for all data. In the case of the Adomian decom- Figs. 2 and 3how the equivalent concentration profiles
position at values of very high Thiele modulus (>5), the for second and half order reactions, respectively. In the case

Reaction order = 0.5, Thiele Number = 0.5,1.0,1.5,2.0,2.5

Dimensionless concentration ¢

0 oo ———— L 1 1 1 1 1 1 1
0 0. 02 03 04 05 06 07 08 0.9 1
Dimensionless distance x = ___numerical, ---analytical(three terms)

Fig. 4. Variation of concentration in porous catalyst as a function of Thiele modulus for a 1.73th order reaction. Vgiu@s50fL.0, 1.5, 2.0) increase
from top to bottom. Numerical solution (---). Adomiam decomposition four, five and six terms increase from top to bottom of associated curves.
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n=0.5, __ numerical —3,4,5 terms .weighted

3

1 T T

Effective factor thita

0.3 ’ .
0.5 1 1.5 2

Dimentionless Thiele number Phi

Fig. 5. Variation of concentration in porous catalyst as a function of Thiele modulus for a 0.67th order reaction. Valy@s5of1.0, 1.5, 2.0, 2.5, 3.0)
increase from top to bottom. Numerical solution (---). Adomiam decomposition four and five terms increase from top to bottom of associated curves.

of these reaction orders, there is no analytical solution to the a six-term decomposition is required to achieve reasonable
problem and thus comparisons with a numerical method canagreement.

only be made. For the second order reaction, there is good With an half order reaction, the decomposition method
agreement between the decomposition method with threegives again good agreement with the numerical solution
terms and numerical solution for a Thiele modulus of 1.0. at lower values of Thiele modulus. At higher values of
As the Thiele modulus increases the accuracy (agreementThiele modulus either the three- or four-term decomposi-
with the numerical solution) decreases with a three-term tion method give acceptable agreement with the numerical
decomposition solution. In the case of Thiele moduli >5, method.

n=1.0, __ numerical --3,4,5,6 terms, ...weighted

1 T T T T T T T T T

0.8

0.7

0.6

0.5F

0.4

0.3

0.2

0.1+

0 1 1
0 1 2 3 4 5 6 7 8 9 10

Fig. 6. Variation of concentration in porous catalyst as a function of Thiele modulus for negative order reaction. Valiesredse from top to bottom.
Numerical solution (---). Adomiam decomposition four terms (—).
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n=2.0, ___numerical ---3,4,5,6 terms, ...weighted,-.-Orthognal
0.9 T T T T T T T T T

0.6

0.5F

0.4}

Effective factor thita

0.3F

0.21

0 1 2 3 4 5 6 7 8 9 10
Dimentionless Thiele number Phi

Fig. 7. Variation in effectiveness factor with Thiele modulus for first and second order reactions. Upper set: first order reaction; lower setdeecond o
reaction. Numerical solution (---). Adomiam decomposition four, five and six terms increase from bottom to top. O.C: solution by orthogonabrrollocat

=)

To assess the generality of the decomposition solution With the finite difference method, attempts at solution with
method, we have applied it to several arbitrary reaction Thiele moduli of 2.5 and greater resulted in divergence
orders. In the case of reaction orders greater than 1.0, e.gwhereas the four-term decomposition method always gave
1.73 Fig. 4) the trends in the solution with the decomposi- a solution. Furthermore, in analysing systems where high
tion method are as seen earliéigs. 2 and 3 However, for concentration impedes reaction, apparent negative reaction
reaction orders less than 1.0, e.g. 0.67, the decompositionorders, the decomposition method proved to be the preferred
method appears to be the preferred method Ege 5). method in solution (sekig. 6). For a reaction order 6£1.0,

0.9r

0.8r

0.7

0.6r

n 05

0.4f

0.3r

0.2F

0.1

*

*

4 terms
4 terms
-==-=-numerical

1

0 . . s .
0 02 04 06 08

1

12 14 16 1

¢

.8

2

22 24

Fig. 8. Variation in effectiveness factor with Thiele modulus for a half and 0.67th order reaction. Upper set: first order reaction; lower setrdercond o

reaction. Numerical solution (—). Adomiam decomposition four terms (---).
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1.6 4
1.5f

141

n=-0.5 |
4 terms

0 01 02 03 04 05 06 07 08 09 1

Fig. 9. Variation in effectiveness factor with Thiele modulus for a negative order reaction.

solution by finite difference was not achieved whereas the 8. Conclusions

four-term decomposition gave convergent solutions. With

an apparent reaction order 0.5, finite difference could The Adomian decomposition method for solution of
only be used for Thiele moduli of 0.3-0.5 and the solution nonlinear boundary-value problems has been successfully
was in good agreement with the four-term decomposition applied to the case of diffusion and reaction in a porous
method. catalyst. An approximate form of solution is obtained which
can continuously give the value of the functigrfor any
value of variablex. A three-term solution for effectiveness
is often quite accurate and easy to derive. It is possible to
obtain an analytical expression of approximate when the
nonlinear term is simple.

7.2. Effectiveness

Effectiveness is an important concept in catalytic reactor
analysis. Calculated values of effectiveness for the reaction
orders discussed iSection 7.lare described here. Clearly
all of the data show the expected trend of a decrease inAcknowledgements
effectiveness with increase in Thiele modulus. For the first
order reaction, numerical and analytical solution agree as The support of the Royal Society and the China National
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in the decomposition method increase; again as expected.

Also shown inFig. 7are values effectiveness, obtained using References

an analytical solution obtained with one-point orthogonal

collocation, for a second order reactipf}. This is the only [1] G. Adomian, Stochastic Systems, Academic Press, New York, 1983.
known approximate analytical solution obtained prior to this [2] \((igcgg‘)*';”'gsconvergence of Adomian’s method, Kybernetes 18 (2)
V\{OI’k. As can be seen .a.greement W'_th solutions by finite [3] E.W. Thiele, ﬁelation between catalytic activity and size of particle,
difference or decomposition methods is poor. Ind. Eng. Chem. 31 (1939) 916-920.

Fig. 8 shows effectiveness values determined for reaction [4] A. Wheeler, Reaction rate and selectivity in catalyst pores, Catalysis
orders less than 1.0, i.e. 0.5 and 0.67. Agreement between _ 2 (1955) 105-165.

- . I [5] R. Aris, Mathematical Theory of Diffusion and Reaction in Permeable
finite difference and the four-term decomposition is gener Catalyst, Oxford University Press, London, 1975.

ally .QOOd up to Thiele moduli of 2.0. . [6] G.Ns. Satterfild, Mass Transfer in Heterogeneous Catalysis, MIT Press,
Fig. 9 shows typical values of effectiveness for appar- Cambridge, 1973.
ent reaction order less than 0, iire= —0.5. As expected [7] B.A. Finlayson, Nonlinear Analysis in Chemical Engineering,
: ; ; ; McGraw-Hill, New York, 1980.
effectlvene_ss m.creases with Thiele .mOdUIUS_aS at lower 8] J.S. Newman, Electrochemical Systems, 2nd ed., Prentice-Hall,
concentrations in the pores the reaction rate is suppressed " gnglewood Cliffs, NJ, 1991.

less. [9] D. Bennion, AIChE Symp. Ser. 229 (79) (1983) 25.



	Approximate solution for the nonlinear model of diffusion and reaction in porous catalysts by the decomposition method
	Introduction
	The model of diffusion and reaction
	The solution with decomposition
	Analytical approximate solutions with three terms
	The linear case
	The nonlinear case

	The approximate solution with more than three terms
	The effectiveness factor of the catalyst
	Discussion
	Concentration profiles
	Effectiveness

	Conclusions
	Acknowledgements
	References


