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Standard 0il company [In-
diana] announced the retire-
ment of Dr. __
Ernest W,

Relation between Catalytic

VOL. 31, NO. 7

- padbaghi 4 5 Activity and Size of Particle
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ny’s research o e s Qo WIS DA

and develop- o o
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ment Dr 916 INDUSTRIAL AND ENGINEERING CHEMISTRY

Thiele, who

has been as If the reaction is kinetically of the first
:‘mn;d direc- order, the ratio in question depends on the
cr:u.directorl of research, will|  dimensionless modulus, z, V' (¢/kr),

be a visiting professor of |

chemical engineering at the'  where z, = some linear dimension fixing the grain
University of Notre in size (for examl];le. the radius of the
|September. | uivalent sphere)
k = coefhicient of diffusion of the reactants
through the fluid
r = average area of pore cross section
per unit length of perimeter of pore
cross section (hydraulic radius of
pores)
¢ = activity of the pore surface
9
s SEn
6 "N
£ e ey
o) < \;\
# IR |z 15t oraer - Piates o W N
v [T Z-1st Order -Spheres N N
3R e~ \@-2nd Order - Piates NN
HE
3
2-3 '§
)
<3 A
7 AN
Modulus N
R e
R O ) Y S 5 Y 152 3 4+ s e67ed

Equating the two quantities:

d/dz (dy/dx) = cy/kr
Bt C e oy

At the center of the pore the flow by diffusion must be zero
by symmetry. Therefore dy/dz = 0 when z = 0. Also
y = y, when x = z,. With these conditions the solution of
the above differential equation is:

| cokls i, P
ehsy + etz

- cosh (hzx)
Y+ Cosh (hzy)

y=1u



<2
Q
C
J
<
Q@
('}

\w
()
~
N
Q
(\
> A\
NN ANR N RN
L (\ \
Al A\ D
MU = L I .
= = Q @ — m
2
)
Jo) R Q @ f
\ J
\ /////////// _
¢ 0 AR o L2 4
J = AL
& D !
L o (=}
149)149)




LU T A Ca

>

014 Dy Ca
L’?_

WE cAN A DAPT TS TO
A= POLOVS SpLIY PALTICLE

% = FRacronv OF PARNICLE
¢ TH&T \S PDo1Lovg
AR AN,
TopcT o0 RAURLLALLE FOT 0 | FFvsov
X RAACUTIBN

T -7 TTOLTVOS xTY MEASVLE OF
NCLERASE O D ISTAVCE ALovh
N PILEe COMPAREDL T D
CN' pa pADILS

Tee RelCeeaces Dig

<

0n= L b

L



TRAE LesouT %o A SiNOLE
Pon = 5 WITH & SN LR STRAIFT

COORD\NKRTE O IMENS OV
le RuiTe 66edeshL.

+Hhe AVALYSIS Foa A sereechlL

PRALTICLE H4S ALL OF THE
SAME .1 ﬁr‘/SICS/CH-e HL&TP_\)

AND < ONLY SLijkTLY
OVEFRLEN T QUANTITATIVELY

EQU Mo AL
COIUTEL D Frosan 10 A SsPH8ee
ba =~ Ly &7
AL

MAS BALANE WD SPABLCAL COORD) IRTES

2
A M
Ajz.« <A A>'/P\:ZACP\-:b



M=0 S LAL ((eecTANGILAL coofw>

M= L cPpere ( SPHepcAL coorO)

FOon m = 2
d 0, 4Ca il
;I(? o 'rq) i M =0

0 )AZQ, p.y Oacﬁ} L(a =0

e A E
— C"\‘ W = N
;Z:‘ Z:q; i Ro
T
0
UYNy=1 w=
&Lf =) w=0






TO QUANTIFY THE LiMiTHION
ON wedcTod T HAET D IiFFISo4
CAVCRS ééfzc.ﬂ-USE CA_(/L)ACA_S)

We DeEANE

T eSS FACTIL
ErfeeTVEMES

A Sa Al A
- e 1
A,\ T nMAy \}‘D A’(CPGB

L Qo
113
/\MM = 1R Cas

D 6B THE ACURL RRVE, & CASIELT
WARY 70 67 0 1S TD CRLCVILATE

THE ELUR oF A AT A= Lo



W=

e
'bu-.l¢ 4)
1} h::,i"zi E, ‘ j B ' )
; mxll(cp} Ll =

o relationship between the ,
e .
al catalyst pellet. e Sticctiiey

illustrates th:

v

jus for a spheric




201

Table 6.3.1 | Influence of Catalyst

A particl
effectiveness

€ geometry on ¢ : :
factor for g fi iy oncentration profile and

rst-order, isothermal, isobaric reaction.

S

k k
g *\ D, % DI;A D3,
cosh (¢w) Io(¢) sinh (¢w)
Y = Cy/Cps “cosh(¢) I(¢) wsinh(¢)
tanh (¢b) 20(¢) S pidel vl
7 g b 1Io(¢) @ =n(s) ¢

@7 is a modified Bessel function of order i.

Table 6.3.2 | Characteristic length

parameters of common
pellet shapes.

lab Length of pore, x,
Cylind R /2
Sghleri'eer Rp/3 |
=
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Effectiveness factor n = tanh(¢> 0)/(1,') o] for a first-order

reaction in @ catalyst as a function of the Thiele modulus i
with generalizeq length parameter .
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