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USING ACOUSTIC EMISSION TO MONITOR METAL DUSTING
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ABSTRACT

Metal dusting is a catastrophic form of carburization, which can lead to rapid wastage as the affected
metal disintegrates into a mixture of powdery carbon and metal particles. The phenomenon occurs in
gaseous atmosphere, which is strongly carburizing in the temperature range of approximately 400˚C to
850˚C with a carbon activity greater than one. The corrosion behavior of electropolished alloy 800H
tubes was investigated in H2-85%CO gas mixture at 650˚C. The metal dusting is preceded by internal
carburization, whereby the chromium is tied up. The remaining Fe-Ni matrix then reacts to form unstable
intermediate carbide M3C, which decomposes to metal particles and carbon. Acoustic emission (AE)
sensors were coupled with the tested material during the experiments. Thus, corrosion evolution and pit
distribution were monitored on-line and correlated with acoustic parameters. The introduction of organic
sulfides in the process gas produced a significant decrease in the corrosion phenomena.

1. INTRODUCTION

In highly carburizing atmospheres (e.g. H2/CO/CO2/H2O), between 400˚C and 850˚C, materials such as
carbon and stainless steels, as well as nickel-base alloys, can be affected by a damaging phenomenon
called "metal dusting". In fact, a part of the material is rapidly turned into dust, which is composed of
particles of metal and graphite. This degradation process can be very detrimental in environments such
as those encountered in thermal cracking or ammonia plants.

The typical feature of a material damaged by metal dusting depends on the nature of the material. In all
cases, the corrosion products are composed of the previously described dust, but for carbon steels or
low-alloy steels, the corrosion develops uniformly, while for stainless steels or nickel-base alloys, it
grows by pitting.

The mechanism of the phenomenon has recently been described in several papers [1,2]. It has been
demonstrated that the carbon activity of the atmosphere must be greater than one. In classical
carburizing gas mixtures, this activity is controlled by the following chemical reactions:

CO + H2 ↔ H2O + C (1)
   2CO ↔ CO2 + C (2)

For plain carbon or low-alloy steels, five states of development can be distinguished. Firstly, there is an
over-saturation of the metal with carbon. Secondly, cementite M 3C forms at the surface. Thirdly,
graphite is deposited on the cementite surface. Fourthly, the cementite decomposes to metal plus carbon
(M3C ↔ 3M + C). Finally, there is further graphite deposition on the fine metal particles formed in the
previous state.
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For high-alloy steels or nickel-base alloys, this mechanism is complicated by the existence of a
protective chromia layer. In this case, metal dusting may start at some defects on the scale, which causes
local attack and pitting [1]. The protection against this pernicious corrosion phenomenon requires either
the choice of a resistant material or the use of inhibitors. This paper deals with the latter solution. In
particular, some organic sulfides, known for their ability to decrease the amount of coke formation on
metal surfaces during cracking processes [3], could also have an inhibiting effect on metal dusting [4].
The DMDS is one of these organic sulfides. However, the problem with high-temperature corrosion is
the instantaneous determination of corrosion rate.

For that purpose, a method for on-line monitoring of corrosion evolution is needed. Recent work has
demonstrated that AE could be a powerful tool for studying low or high temperature corrosion
phenomena [5-8]. Accordingly, this technique has been chosen.

2. EXPERIMENTAL

The experimental device used in this study (Fig. 1) consists of a furnace, in which a metal sample tube is
inserted and a controlled gas mixture feeding system. An AE acquisition system is composed of wave-
guides coupled to the metal sample, two wideband sensors (Vallen SE900) linked to preamplifiers
(Vallen AEP4) and to a Vallen AMSY4 AE system. A hygrometer is used to follow H2O evolution due
to the chemical reaction (1). AE calibration is done before and after each test. By using the Hsu-Nielsen
acoustic source, we determined the waveguide attenuation to be about 15 dB.

Metal dusting tests were conducted during periods of ten days each. The principal experimental
conditions chosen are brought together in Table 1. The chemical composition of the tested alloy is given
in Table 2.

Fig. 1  Schematic representation of the experimental device.

3. RESULTS AND DISCUSSION

3.1 Test without DMDS injection
As a reference, the first test was conducted in a CO/H2 atmosphere free of DMDS. After ten days in the
hot carburizing gas mixture, the 800H tube was removed from the furnace and examined. Under a thick
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Fig. 2  Metal dusting pits generated during the test performed without DMDS (3.75x).

coke layer, a distribution of numerous metal dusting pits was observed (Fig. 2). These pits were about 1
mm in diameter and 500 µm in depth. Further investigations by SEM and X-ray analysis allowed us to
identify clearly the nature of the corrosion products: a dust composed of particles of metal and graphite.

The evolution of AE activity recorded during this test shows three periods (Fig. 3). During the first
thirty hours, no AE could be detected: this corresponds to the incubation period of the phenomenon.
Then, especially for channel 2, AE activity increased almost linearly. As long as the atmosphere was
producing high carbon activity, the metal dusting was activated. When the gas flux was changed to N2

flux, AE activity became weaker, or practically non-existent.

Acoustic parameters of the signals recorded during the emitting period are found in Table 3. Their values,
relatively dispersed, do not show significant evolution with respect to time. Despite the use of wave-
guides, which have an attenuation of ~15 dB, the measured amplitudes are high enough to prove that the
sound-generating mechanism is powerful.

Figures 4 and 5 show respectively the number of visually observed metal dusting pits and the number of
localized AE events according to the X position on the tube (see Fig. 1). The pit distribution is
characterized by two distinct populations (Fig. 4). The first one, between X = 100 and 350, is less
important than the second one, between X = 350 and 600. The fact that there are two populations is due
to the temperature profile of the furnace. Because of the latter, the optimal temperature for metal dusting
is located in two critical zones of the tube, which explains the two pit populations.
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Figure 5 shows that the distribution of AE sources also has two populations. The second one is very
similar to the second population in the pit distribution. On the other hand, the first population of
localized AE events is almost non-existent. After the post-test AE calibration, we found that this lack
could be attributed to an unfortunate loosening of the coupling of the sensor 2. The accuracy of the AE
location of the damaged areas is then confirmed.

3.2 Tests with DMDS injection
Other tests were conducted in a CO/H2 gas mixture with different quantities of added DMDS. After each
of these tests, coke deposition, pit distribution and AE were examined. The results are summarized in
Table 4, in comparison with the reference test. The DMDS injection indeed inhibits the metal dusting
phenomenon. Moreover, AE monitoring corroborates perfectly these results. As no AE signals are
recorded when coke deposition is observed, it can be concluded that the emitting mechanism is
associated with the formation of pits and not with coking. A decrease in the AE acquisition threshold
would perhaps allow for the detection of this carbon deposition.

Remark : During the test number 1, the relative humidity measured at the furnace exit varied in a similar
way as AE activity but with a lower sensitivity.

3.3 Interpretation
In AE studies of high temperature corrosion phenomena, the breaking of oxide scales is often assumed to
be directly responsible for the ultrasonic wave generation. In the case of metal dusting, and especially for
high-alloy steels or nickel-base alloys, this idea can be justified by the fact that damage takes place at
scale flaws. Moreover, the metal dusting mechanism itself, i.e., the sudden decomposition of a
carbon-over-saturated metal in the combination of metal and graphite must play a role in the AE activity.
An extensive analysis of AE signal characteristics would help to distinguish between the two
mechanisms.

Concerning the inhibiting effect of DMDS on metal dusting, investigation is planned to yield an accurate
interpretation. In fact, following thermal decomposition of DMDS, sulfide compounds would fix on and
deactivate the sites of the metal, which catalyze the phenomenon.

4. CONCLUSIONS

Experimental conditions were determined in order to develop a rapid metal dusting on 800H alloy. After
ten days of testing, very significant damage, characterized by the presence of numerous pits, was
observed.

The AE technique was tested as a possible monitoring technique. The AE signals are linked to the metal
dusting pits formation, which generates relatively high energy ultrasonic waves in the material. The pit
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formation can be detected following a passive acoustic period, which reveals the existence of an
incubation time.

The use of organic sulfide DMDS was proposed to inhibit this serious corrosion phenomenon. In the
presented experimental conditions, injection of small quantities of DMDS was sufficient to prevent the
metal from being damaged or, at any rate, to retard the damage.

This work will be completed and followed by the examination of the preventive and arrestive properties
of DMDS injection; in particular, for the assessment of minimum required dosage. For this application,
acoustic emission monitoring will play an essential role.
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