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HETEROGENEOUS CATALYSIS
-

ONE OF THE
' 'GLORY "

FIELDS OF CHEMCCAL ENGINEERING

ALMOST ALL REACTIONS DONE FOR

MONEY REQUIRE A CATALYST TO

BE PROFITABLE (AND PRACTICAL)

A LARGE MAJORITY OF THESE

INVOLVE A SOLID - PHASE

CATALYST
.



https://www.essentialchemicalindustry.org/processes/
catalysis-in-industry.html



ANOTHER HIGH VOLUME

CATALYTIC DEVICE :

CONTROLS NOx ,
CO t HC -

FOR IT TO WORK
,
NEED RATHER

PRECISE AIR - FUEL MIX

NEED SOME HC ( RICH)
TO HELP WITH NOx REACTION

¥tnFff ULTIMATELY NEED 0z(LEAN)
TO OXIDIZE CO t Ltc 's



NOx REACTIONS
-

2 Cot 2. NO → 2C0ztNz

HC 1- NO → coztttzot Ne

211-2+2 No → 2Hz0tNz

CO OXIDATION
-

2.CO + Oz → 202

HE OXIDATION
-

Hct Oz → Hzotcoz



THE WORLD HAS TRADEOFFS ! !
RECALL ! ~ MARCH 2019

EFFICIENCY OF "OTTO CYCLE"



HIGHER COMPRESSION RATIO :

HIGHER TEMPERATURE

T IN GENERAL RUNNING LEAN GIVES

MORE COMPLETE COMBUSTION,

HENCE MORE EFFICIENT USE

OF GASOLINE BUT

THIS FAVORS NOx





-

CAN WE REDUCETHIS?
-

I

t
"

WHERE
"
EXACTLY

DO CO t O

ADSORB ?



SURFACES OF CATALYSTS

HAVE BEEN STUDIED IN

GREAT DETAIL ! !

CONTEXT !
-

-

• NEED TO MAXIMIZE SURFACE

AREA FOR FIXED AMOUNT

OF METAL CATALYST

• VARIOUS TECHNIQUES

ARE KNOW FOR GETTING

~ m m SIZED PARTICLES

• AS PARTICLES GET

SMALLER SURFACE

STRUCTURE, CHEMCSTRY

CHANGES



• DIFFERENT CRYSTAL PLANES

HAVE DIFFERENT CHEMISTRY

• ADVANCES IN "SPECTROSCOPY "

HAVE BEEN EXPLOITED TO

STUDY REACTIONS ON

SPECIFIC SURFACE

PLANES .







IF WE CAN STUDY REACTIONS

AT THIS SCALE
,
THE

RATE CAN BE GIVEN AS

re -- stolen
✓ TURNOVER

NUMBER OF FREQUENCY
ACTIVE SITES .

505

us

•
135

298K

I



THE CATALYST IS

A SOLID SURFACE

THE REACTANT IS OFTEN

A GAS ,
COULD BE A LIQUID

IN A SOLVENT,
BUT IN

EITHER CASE A NECESSARY

STEP is ADSORPTION ONTO

THE SURFACE

THE ADSORPTION PROBABLY

HAS TO BE TO A SPECIFIC
" "

SITE

HENCE WE NEED NOTATION

" *
" ACTIVE SITE

GAPS
At * → At

←

KDES



ADSORPTION OF A GAS

ONTO A SURFACE CAN BE

A) PHYSICAL n CONDENSATION
~
"PHYS I SORPTION

"

DH

OCCURS " ANYWHERE
"

ON SOLID

B) CHEMICAL in Akron
" CHEMISORPTION

"

OCCURS AT SPECIFIC
-SITES



SIMPLEST MODEL FOR ADSORPTION
" LANGMUIR "

• PHYSICAL ADSORPTION OF

• 1 LAYER COVERAGE

• IDENTICAL SITES THAT DON'T INTERACT

& EQUILIBRIUM BETWEEN GAS

PHASE AN CONDENSED COMPONENT

ON SURFACE

• SHOWS HOW TEMPERATURE

AFFECTS ADSORBED

AMOUNT

• OFTEN WORKS WHEN YOU

MIGHT NOT EXPECT . . - .

BUT ! !
• PERILS IN STRETCHING TOO

FAR ! !









ENERGY DIAGRAM FOR

A D SORPTION

POTENTIAL

ENERGYi÷.

THIS IS AN EQUILIBRIUM PROCESS

BUT DERIVATION IS SIMPLEST

IN TERMS OF RATES
,



f h AS PRESSor E

^
AD
= has PA [S J

← CONCENTRATION OF

SURFACE S itE S

ND = kg [Aas]

has PA [s ) = his [ Aras]

[ Aae]
Iss

= HE = KE.
✓TOT AIL SITES

[ So] = SI← A e FA

[So ] = [ s It [Aao]

[so] = l¥÷* + [AaB --ttr.IE#hILAao3O-n-Z(gAgAotglFRACTIONAL
COVERAGE

* =
KII PA
-

I t k
A PA
EQ



rn:c:c:*:

PA

AG = D H - TAS

4 T MOST LIKELY

NEGATIVE
NEGATIVE


