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CHAPTER 6

TRANSPORT LIMITATIONS

(MOSTLY MASS)

• EXTERNAL TO CATALYST

PARTICLE

• INTERNAL WITH PARTICLE

→ A KEY TOPIC THAT IS

ALMOST SOLELY THE

DOMAIN OF CHEMICAL

ENGINEERS . . .



AS WITH OTHER CHAPTERS ,

A LOT OF INTERESTING

INFORMATION IN PROSE

→ FOR A PRACTICAL, EFFICIENT

PROCESS
,

MASS TRANSFER RATES AND

KINETIC RATES NEED TO BE

ABOUT THE SAME
.
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EXTERNAL MASS TRANSFER

RESISTANCE
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REACTANT IS BEING CONSUMED ,

CAUSING GRADIENT,
IDEALLY

FLUID MECHANICS CAN BE ADJUSTED

SUCH THAT S IS SMALL ENOUGH

FOR MASS TRANSFER TO NOT

LIMIT REACTON



PARTICLE COULD BE

@ ~ 100 from CRACK NG

CATALYST

~ HIGH VELOCITY GAS FLOW

• COULD BE N p mm

LIQUID PHASE HYDROTREATING

HYDROGENATION - - -

( STIRRED TANK)

• 3-5 mmPACKEDBEDGASFLOW

LIQUID FLOW



IN MOST CASES, PELLET IS Porous

AND MOST OF ACTIVE CATALYST

IS INSIDE

- SO THERE ALSO CAN BE

INTERNAL RESISTANCE
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THE BOUNDARY LAY ERR IS NOT

USUALLY. STAGNANT .

BUT IT IS INSTRUCTIVE TO REVIEW

DIFFUSION

STEFAN - MAXWELL EQ .

m

DX ;
= E -1 ( Xing. - Xj Wi )
j -- I C Dij
jsi

IF JUST 2 COMPONENTS

DCA = #(Xa Ns - XBNA )



BUT XB= I- XA

TCA = bat
,
fxacnttns) -NA]

IF REACTANTS → PRODUCTS

-

NA = - NB ( EQUI MOLARCOUNTER DIFFUSION )

TCA = - Nit
DAB

" FICK 'S FIRST

LAW
" NA = -DAB TCA ( ALSO REPRESENTS

VERY DILUTE

A

SMALL MOLECULE GASES
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SMALL SOLUTES IN LOW VISCOSITY
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FIND FLUX TO A REACTION
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↳ = Las +(Cas - Cas ) XJ

Not = - Das DCI
dy

=
-bags ( Cas - Cas )

⇒ GREATEST OF ALL EQUATIONS
'

Np = to (Cas- CAs )
9

Foss. If in:::
CORRELATIONS
OR

NUMERICAL

SIMULATION

out : techno- CAs )



FOR OUR REACTION

EXAMPLE
,
AT STEDY STATE

REACTION MATCH MATCHES

FLUX :

r=NA=ksCag= TIKA -Cas )
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ksttc

^= hscas =
lest Cao
-

test ko

OG

= CA
-

test # ←
Son of

RESISTANCES
-

IF less> tic

NO EFFECT OF

~= the CA
"

REACTION



WHERE DO ' ' tic 's
"

come From ?

CORRELATIONS
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FROM R
.
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"

MASS TRANSF Er

OPERATIONS
"



SO
,
AS EXPECTED WE

WILL USE DI MANSIONLESS

GROUPS
. .

.

SHERWOOD NUMBER

S h=
Idc @ Rp) ENHANCEMENT of
- MASS TRANSFER

DAB BY FULVIO FLOW
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T kNCREASE CAUSED

PURE BY FLUID FLOW

DIFFUSION

POWERS ON Ret Sc

COME FROM SCALING

ANALYSIS
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,
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ORB
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Ux Z×tUy¥y=D2
IF Sc 27 / ( USUAL CASE FOR

LIQUIDS )

INSIDE BOUNDARY LAYER

uy= ay , Ug =p y
' ( tornado ,
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SCI⇒ = ¥ Diffusivity
DAB Mass

DIFFUSIVITY
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IT IS INSTRUCTIVE TO

DETERMINE HOW MASSTRANSFER

COEFFICIENT VARIES

tic n ( Das)% n'kg "e

"
STIR FASTER

"

~ BUT SMALL

PARTICLES FOLLOW

STREAM LINES

( NEED A DENSITY
DIFFERENCE )



HEAT TRANSFER IS ANALOGOUS

" GREATEST
"

EQUATION FOR HEATTRANSFER

of = ht (T
"
-Ts )

/ T NATURAL CONVECTION

CONDUCTION FORCED CONVECTION

REACTION RATE WITH D Haw

INCLUDES

no. @An)=ht(Toots )

becca"- Cas)AHn=h±(Too-Ty )
ENERGY BALANCE AT

STEADY STATE .



INTERNAL MASS TRANSFER

RESISTANCE !

4







At D → B

WITH INERT

EQ At * I A-
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ADSORPTION
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ULTIMATELY, D 't wi RL BE IN EXCESS

RESTRICT TO CASE WHERE REACTION

IS SLOW
,
ALL ADSORPTION IS

IN EQUILIBRIUM

n

r ,



FIRST LOOK AT ADSORPTION :

f*3o= # t CA'D TLD't ]t[BY tff 't}
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https://www.youtube.com/watch?
v=3ULzdD_0GXA

NOW FOR CONST VOLUME DEVICE
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