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ELEMENTARY STEPS IN HETEROGENEOUS CATALYSIS:
THE BASIS FOR ENVIRONMENTAL CHEMISTRY

PODSTAWOWE KROKI W KATALIZIE HETEROGENNEJ:
PODSTAWY DLA CHEMII SRODOWISKA

Abstract: Catalysis is an alternative way for reaching amadiate formation of a product, because of a lower
energy barrier (between the molecules and theysasyl Heterogeneous catalysis comprises the aatiele of
a chemical reaction through interaction of the moles involved with the surface of a solid. It igliacipline,
which involves all the different aspects of chemisinorganic and analytical chemistry in orderctwaracterize
the catalysts and the forms of these catalysts.ifidhestrial chemistry puts all these things togetbeunderstand
the solid chemical handling, chemical reaction anérgy engineering and the heat and mass tramsfiiese
catalytic processes. Very often there are more timan but several products, then the role of thalyst is not so
much related to activity, but to selectivity. Thederlying elementary steps can now be investigdtedh to the
atomic scale as will be illustrated mainly with twaamples: the oxidation of carbon monoxide (caraest
catalyst) and the synthesis of ammonia (the basisifrogen fertilizer). There is a huge market thoe catalysts
themselves despite of their high costs. A largetioa is used for petroleum refineries, automotiwel industrial
cleaning processes. The catalytic processes igle figld and there are still many problems conceyrénergy
conservation and energy transformation, so themaish to do in the future.

Keywords: heterogeneous catalysis, environmental chemisirjgation of carbon monoxide, synthesis of
ammonia
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Development of the catalyst market
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Reactor

Steady-state reaction rate:
dn
=t = "=f(pip; T, catalyst)
J
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Nz
71.0 Vol.%

02
18.0 Vol.%

HC 0.05 Vol.%
NO, 0.08 Vol.%
Particle 0.005 Vol.%

CO 0.85 Vol.%
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Oxygen atoms adsorbed on Pt (111

after exposurc to 2 L. O at 165 K

S.3nm xX 5.5 nm
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T=300K

NO — NOgd — Nad + Oad
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0/Ru(0001)

300K, 10nm x10nm,-0.6V, 1nA, 0.07s
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a cleanRuO2(110)
b 1.0 L Oz0n RuO2 (110)

20 40 60 80 100 120 140 160
Energy [meV]




30 Gerhard Ertl, Maria Ziefiska, Matgorzata Rajfur and Maria Wactawek

=z Yoo

g @00 |

g N X -
= \ Il
g - g
3 e

: = .
g [ |

C™* position along [001] [A]

1.87




Elementary steps in heterogeneous catalysis: Téis fmx environmental chemistry 31

Steady state experiment
Po, = 107 mbar, T= 350 K

[9] Wang J, Fan CY, Jacobi K Estl G. J Phys
ChemB. 2002;106:3422-3427.

O
Theory: [10] Reuter K, Franksl D, Scheffler M.
Phys Rev Lett. 2004;93:116105.
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Fe (111) Fe (100). T=003K

Fe (110)
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Industrial
Chemistry




Gerhard Ertl, Maria Ziefiska, Matgorzata Rajfur and Maria Wactawek




Elementary steps in heterogeneous catalysis: T$is fza environmental chemistry 41

PODSTAWOWE KROKI W KATALIZIE HETEROGENNEJ:
PODSTAWY DLA CHEMII SRODOWISKA

! Fritz-Haber-Institut der Max-Planck-Gesellschaferi, Niemcy
2Samodzielna Katedra Biotechnologii i Biologii Molelrnej, Uniwersytet Opolski, Polska

Abstrakt: Kataliza stata s obecnie alternatywnym sposobem na natychmiastomerzénie produktu
chemicznego z uwagi na 78 bariee energetyczp (miedzy casteczkami a katalizatorami). Kataliza
heterogenna obejmuje przyspieszenie reakcji chemijcpoprzez oddzialywanie gsteczek zwgzanych

z powierzchni ciata statego. Jest to dyscyplina, ktéra obejnmdjme aspekty chemii: cheminieorganicza

i analityczry w celu scharakteryzowania katalizatoréw i formhty@atalizatorow. Chemia przemystowa rpsie
taczy te wszystkie zagadnienia razem, aby zrozéimhkeemiczia manipulac} ciat statych, reakej chemiczia

i inzynierig energetyczgoraz przenoszenie ciepta i masy w tych procesatdlitycznych. Bardzo czsto tworzy
sic nie jeden, lecz kilka produktow, wtedy rola katatora nie jest tak bardzo zwana
z aktywndcia, ale z selektywnizia. Podstawowe etapy moa teraz zbadaw skali atomowej, co duzie
zilustrowane gtéwnie dwoma przyktadami: utlenianigienku wegla (katalizator spalin  samochodowych)
i syntez amoniaku (podstawa nawozu azotowego). Istniejerogy rynek katalizatoréw pomimo wysokich ich
kosztoéw. Dua ich czs¢ jest stosowana w samochodach, w rafineriach ragpwej i przemystowych procesach
czyszczenia. Procesy katalityczne stamoszeroki obszar badai nadal istniej liczne problemy zwizane
z oszcedzaniem i transformagienergii.

Stowa kluczowe:kataliza heterogenna, cherdiadowiska, utlenianie tlenkuggla, synteza amoniaku



