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EXAMINATION AND QUANTIFICATION

OF HETEROGENEOUS

CATALYSTS
-
COMPLEX REACTION SCHEMES

- SURFACE SITES INVOLVED

- INTERMEDIATE COULD BE

AT STEADY - STATE

MASS TRANSFER EFFECTS

IN HETEROGENEOUS

CATALYSTS
- QUANTIFICATION OF

INTERNAL T EXTERNAL

DIFFUSION LIMITATIONS

- o = D*dyz - KCA
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RATE EXPRESSION FOR

CATALYZED REACTION

A - M

① A + * €5 At
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HOW DO WE GET AN EXPRESSION

For it ?
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EFFECT OF ADSORPTION

ON ACTIVATION ENERGY

-

cot 420, → CO2
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For HIGH SURFACE COVERAGE
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BUT THEN THE

COUNTER EXAMPLE
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TRANSPORT LIMITATIONS

IN HETEROGENEOUS

CATALYSTS

INTERNAL DIFFUSION LIMITATIONS
-



REACTION WILL BE OCCUR ,NG

INSIDE CATALYST.

LET 'S CONSIDER REACTION

& DIFFUSION TOGETHER IN

A PORE
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WITH " USUAL
"
SIMPLIFICATIONS
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EFFECTIVE NESS FACTOR
-

y Ctx) - Cs IN

My =
NO BSErur.rs SOME or ALL OF

-
CATALYST

A- Max
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ENTIRE

VOLUME OF
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RATHER THAN CALCULATE SORLFACE

INTEGRAL
,
USUALLY EASIER TO

CALCULATE CA FLUX AT

SURFACE
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IF WE PICK A LENGTH

THAT IS GENERALIZED FOR

DIFFERENT GEOMETRIES . . .
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sp

A- ↳ F÷IE÷÷÷
Lp

SLAB T
CYLINDER Rplz
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EXTERNAL RESISTANCE

÷
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Cas - cat

CHARACTERIZE EXTERNAL RESISTANCE

WITH MASS TRANSFER COEFFICIENT
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EXAMINATION OF COMBINED

EXTERNAL T INTERNAL

RESISTANCE FROM SOLUTIONS

TO
" EXACT

"

EQUATIONS

CONSIDER 1ST ORDER REACTION

SLAB GEOMETRY

A → B

r= KCA
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.

I

'

s
- - . -

. -
. .
. . . .. . (8.i A

AFB is
.

-

← i CAS¥.in#..a.s,y
'

-
l

l

O
L

x-



O =DEI¥E - KCA
SOLVE INSIDE PELLET

WITH A BOUNDARY CONDITION

THAT ACCOUNTS FOR EXTERNAL

MASS TRANSFER
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O = dodgy -012035¥
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FLUX INSIDE
=

FLUX TO SURFACE

PELLET OF

A ELLET

⑦
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(neo ) = 0

NO FLUX PAST THE
" BOUNDARY

"

FOR A CY LIDER OR SPHERE
>
THIS

IS A SYMMETRY CONDITION

ACROSS 2=0
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FOR Bi = 1000 Biz LI
DIA

EXTERNAL MASS TRANSFER

IS NOT LIMITING UNTIL
VERY

HIGH REACTION RATES

f.
IS

SOMETHING
GOING ON

HERE?



YES, IF
REACTION IS

×
FAST
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A MORE MODESAT E Bi

SUBSTANTIAL

EFFECT OF

EXTERNAL

RESISTANCE

=

CONST 4=0

← VERY
BIG EFECT

OF MASS

TRANSFER
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WHAT IS FLUX TO SURFACE

20Ffp
,

= Bios.me#BiCoshC0)tdSlhhC0 )
THIS IS A FAMILIAR FORM

IF 0/721 FLUX- Bj

0-43=0
, (4--0)

MASS TRANSFER IS CONTROLLING

IF Bi → 00

FLUX= ¢ Tanh ¢
Or

7 = FLIT =
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¢

SAME RESULT AS BEFORE



MORE GENERALLY
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WHAT DOES THIS SAY ABOUT REACTION

RATE

DEA }§A ⇒ RATE OFCA GOING

INTO CATALYST
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MAKE DIMENSIONAL :
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1h27 he
just EXTERNAL

FLUX = tic Coo MASS TRANSFER

has> Lk
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You CAN PHYSICALLY REDUCE

EXTERNAL MASS TRANSFER

RESISTANCE BY
"

STIRRING FASTER
"

1/2 43
she 2T 0.6 Re Sc

USUALLY MASSTRANSFER
HAS

LIMITED RANGE ~ FACTOR ~ 5 - 10


