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FURTHER EXAMINATION OF

MASS TRANSFER RESISTANCE

IN HETEROGENEOUS

CATALYSIS

- COMBINED EXTERNAL

INTERNAL RESISTANCE FROM

A "THEORETICAL" PEE SPECT IUE

- EFFECTOF MASSTRANSFER

RESISTANCE ON OBSERVED

KINETICS



BUT FIRST A TOPIC THAT

I ENCOUNTERED (AGAIN )

ORIGIN I NAL (ANTIGENIC) SIN

→ POTENTIAL THAT A PREVIOUS

ENCOUNTER WITH A PATHOGEN

AFFECTS YOUR IMMUNESYSTEM

IN SUCH A WAY AS TO

BRIDLE YOUR ABILITY TO

FIGHT THE NEXT

PATHOGEN

- CURRENT ISSUE
,
WOULD

THE LATEST FLU VACCINE

DO THIS RE COULD -19 ? ?

NO EVIDENCE OF THIS
#

! !



WHY SOME

PEOPLE

GETREALLY

SICK

1

FLU SHOT
REDUCED

COULD - 19

CASES

- Fts- GENERALIZE?

SORTING OUT SUCH QUESTIONS ! SYSTEMS ENGINEERING
-



EXAMINATION OF COMBINED

EXTERNAL T INTERNAL

RESISTANCE FROM SOLUTIONS

TO " EXACT
"
EQUATIONS

CONSIDER 1ST ORDER REACTION

SLAB GEOMETRY

A → B

r= KCA

{ EXTERNAL MASSTRANSFERRESISTANCE
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O =DEI¥E - KCA
SOLVE INSIDE PELLET

WITH A BOUNDARY CONDITION

THAT ACCOUNTS FOR EXTERNAL

MASS TRANSFER

m= I ( o - i )

⑦ = CATO
CA
T REACTION RATE

0/2 = k L CONSTANT
-
-

e

DTA
- ← MASS TRANSFER

Bi z the
COEFFICIENT

DTA



O = dodgy -012035¥
,

= - Bilow - i )

FLUX INSIDE
=

FLUX TO SURFACE

PELLET OF

A ELLET

⑦
'(neo ) = 0

NO FLUX PAST THE
" BOUNDARY

"

FOR A CY LIDER OR SPHERE
>
THIS

IS A SYMMETRY CONDITION

ACROSS 2=0

Qty)= Bicoshcmd
Bi cosh toSinha)



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
CAsL l

T t

aint-
- 100,000

Bi → 100,000
WEGET

CAs =)



A MORE MODESAT E Bi

SUBSTANTIAL

EFFECT OF

EXTERNAL

RESISTANCE

=

CONST 4=0

← VERY
BIG EFECT
OF MASS

TRANSFER
RESISTANCE



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 =
Tanto
¢

SAME RESULT AS BEFORE



MORE GENERALLY

Bi
n -_ 341 -
n

= 0/2 t Bi co tho

0/2
tanh &

= -

aquatint)

WHAT DOES THIS SAY ABOUT REACTION

RATE

DEA }§A ⇒ RATE OF CA GOING

INTO CATALYST

2027¥
,

= Bios.me#BiCoshC0)tdSlhhL0 )
MAKE DIMENSIONAL :



Diddy =
Di . Zen =

= toolthey coth ( hate ]
1h27 he

just EXTERNAL

FLUX = tic Coo MASS TRANSFER

has> Lk

Flux = kc
" Ltanhfh.IN ]

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



SO OTHERWISE TO REDUCE

EFFECT OF tic
,

SMALLER L
,
( Rp )

SMALLER k
,

LOWER CATALYST
LOADING

,

LOWER TEMP



ANALYSIS OF RATE DATA

FOR SITUATIONS WHERE

MASS TRANSFER RESISTANCE

COULD BE IMPORTANT

- STIRRING SPEED -

- PARTICLE SIZE -
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1/2 43
she 2T 0.6 Re Sc

-

FACTOR OF
3
-

CAN REDUCE BOTH EXTERNAL
t INTERNAL RESISTANCE



RUNES OF THUMB
-

(IN TERMS OF OBSERVED RATE)
2

INTERNAL t.to?sRp
MASS TRANSFER ,
-LI

NOT LIMITING
' Dia CAS

- - -r

M ORDER : 2
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- - -r

EXTERNAL 2
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15
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LIMITING ! teachers M



CAN ALSO CONSIDER

HEAT TRANSFER LIMITATIONS

INTERPHASE

bHqfos.gs#L-o.i5RoTB-F-
INTERNAL TO PARTICLE
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je Ts
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