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Development of Metal Dusting Resistant Alloy for Synthesis Gas Production Plants
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Abstract

Metal dusting, a type of corrosion resulting from carbonaceous atmosphere, is a prominent cause
of damage for high temperature components of synthetic gas production plants in a process of
producing clean fuel. A novel approach to resist against metal dusting has been newly proposed
based on the non-dissociative adsorption of CO gas on the metal. Excellent metal dusting resistant
alloy NSSMC™696 has been developed with a hybrid-suppression technique; formation of protective
oxide scales and the reduction of reactivity with CO gas. The developed alloy also has excellent
high temperature strength, good thermal stability and good weldability, leading to enhanced

reliability and high-efficiency plants.
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Example of MD corrosion on the alloy containing 23%Cr-

60%Ni-1.5%Al
(a) As exposed in a carbonaceous environment and (b)
After removing coke on the test specimen.
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26%H,-11.5%CO0, -2.5%H,0 # X5 650°C, 100h)

Amount of coke deposition and mass change of the test
specimen for transition metals exposed in a 60%C0O-26%H.,-

11.5%C0,-2.5%H,0 gas mixture at 650°C for 100h

Ctr Mn Fe Co Ni Cu Ag Pt

Amount of

0.6 <0.I 14340 655 1195 03 <0.1 <0.1

coke in g-m™

Mass change

14 222 -3715 83 -15 0 0 0

ing-m?

* Specimens of Cr and Mn formed oxide scale on the surface in the
test gas environment.
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Amount of coke deposited on the Ni-Cu binary alloys
exposed in a 60%C0-26%H,-11.5%C0,-2.5%H,0 gas
mixture at 650°C for 100h
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Y(Fe-C0)=3.0A  y(Fe-C0)=0.57 (yeq) Y(Cu-CQ)=5.0  y(Cu-CO)=1.85 (yeq)
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Remarks: The partial DOSs projected to 3d states of metal elements (left panels) and to total ones
of CO molecule (right panels) are shown. Energy is measured from the Fermi level, which is

denoted by horizontal broken line.
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Electronic density of states (DOS) for the cluster models

which mimic the adsorption of CO (a) On bcc-Fe(100) and

(b) On fcc-Cu(100) surfaces as a function of r(M-CO), the

distance between CO and metal (M) surfaces in A
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(a) Oxide scale formation: barrier to react  (b) Suppression of CO-dissociation by a
between CO and the metal solid-solution Cu at defect sites of the
oxide scale

Carbonaceous atmosphere (a; >1)
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N,/
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Metal matrix Metal matrix

(c) Healing of the protective oxide
scale at the defect sites
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Concept of a new preventing technique against metal
dusting for the developed alloy
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(a) 601 after 13 000h
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(d) Developed alloy
after 27 000h
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HEA2IIEY FRAEEL
Metallographic cross sections of the test specimens
reacted with the simulated syngas at 650°C upon cyclic
heating
The developed alloy has no pits.
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STEM/EDS analysis of the cross section for the

developed alloy reacted with the simulated syngas at

650°C for 17000 (340cycles)
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Appearances of the test specimen before testing at waste
heat boiler (WHB) outlet and at steam superheater (S/S)
inlet in the GTL plant (Petro SA, Mossel Bay, South Africa)
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Cross section of the test alloys exposed at 520°C for 15000h in the synthetic gas of the actual GTL plant
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