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SUMMARY

The high temperature reactions of carbon monoxide
with iron, nickel, and AISI Type 316 stainless steel were
studied. The purposes of this research were to determine
the products formed by interaction of metal with carbon
mnonoxide, and to investigate the mechanism of reaction with
Type 31€¢ stainiess steel.

The experimental work was done at 1200°F. and at
essentially atmospheric pressure. Electron transmission
specimens of pure iron, pure nickel, and Type 316 stainless
steel were exposed for periods from 1 to 45 minutes in
order to determine the reaction products. Evaluations were
made entirely by electron microscopy and selected area dif-
fraction. Wire samples of Type 316 stainless steel were
exposed for periods ranging from i to 72 hours in order to
investigate the kinetics of reaction. Analytical work
v=ing these specimens was done which employed weight changes,
eiectrical resistance changes, x-ray diffraction, infrared
absorption. and metaliurgical techniques.

The resuvits in cgeneral showed that the carbon mon-

oxide reaction with iron resulted in the formation of an iron
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carbide, suggested to be F920C9, with a simultaneous or sub-
sequent formation of elementary carbon. Nickel was found to
be unreactive at this temperature. Nickel pxide was reduced
to pure metal with no observable deposition of elementary
carbon.

The reaction with Type 316 stainless steel proceeded
through the formation of an unidentified carbide, suggested
to be a form of 1ron carbide, with a simultaneous or subse-
gquent formation of elementary carbon. Kinetic data and
further examinations stroagly suggested that the reaction
inveolving Type 316 stainless steel was autocatalytic, depend-
ent on the formation of an unstable carbide and on diffusion
of carbon into the metal. Conclusive evidence of the mech-

anism was not obtained.



CHAPTER I
INTRODUCTION

In the presence of a sultable catalyst and at tempera-
tures about 1000°PF., carbon monoxide decomposes according to
the reaction

2CQO + C(

(@) = “C2(9 s) °
Associated with this decomposition is a reaction of carbon
monoxide and/or its decomposition products with the catalyst.
This reaction has been observed to deleteriously affect the
catalyst.

Iron, nickel, cobalt, and their oxides have been
observed to actively promote, or catalyze, the decomposition
of carbon monoxide. Numerous alloys containing these elements
also show a catalyaing behavior. Most austenitic stainless
steels (300 series, iron-chromium-nickel alloys), normally
suitable for use at elevated temperatures, are among the

alloys which promote this decomposition. These materials are



affected to the extent that they suffer a decrease in nechani -
cal strength and enbrittlenment, which result in their ulti-
mate failure.

Because of the adverse effect acconpanying the decom
position of carbon nonoxi de on these catal yzi ng agents,

i nvestigations had been undertaken to determne the type of
attack and to explain the mechani sm or nmechani sns by which
it proceeds. These studies, as well as industrial experi-
ences, have categorized the attack as an unusual form of

el evated tenperature corrosion. Carbon resulting fromthe
deconposition deposits primarily as graphite. Beneath

regi ons of deposition, the surface of the catalyst is
attacked and further carbonaceous precipitate occurs in

the grain boundaries. The overall result is a netal renova
fromthe solid matrix into the surface deposits.

Several theories on the mechanism of this neta
renoval have been published. They are independent of each
ot her and involve much controversy. They are:

1. Formation of an unstable gas phase internediate
reacti on product, such as a nmetal carbonyl, which subse-
guently deconposes to free netal and carbon nonoxi de.

2. Formation of a solid phase internediate reaction

product, such as a netal carbide, which subsequently



