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T (°C) P (MPa) T (°C) P (MPa)

Heater 450-535 1-10 650-750 1-10

Indirect Turbine 650-750 20-30 550-650 8-10 High purity CO,
HX 550-650 8-10 100-200 8-10

Combustor 750 20-30 1150 20-30 CO, containing H,0,
Direct Turbine 1150  20-30 800 3.8 (| Oz and other
impurities based on
< HX 800 3-8 100 3-8 > Nuel (e.g., SO,)
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- Candidate alloys N e
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Several commercially available Ni-based alloys were tested:
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High-temperature oxidation exposures [N=|uew
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Gas 1 (vol%): 95% CO,, 4% H,0, 1% O,

Gas 2 (vol%): 95% CO,, 4% H,0, 1% O,, 0.1% SO,

Pressure: 1 atm
Temperature: 600-750 °C

Duration: Up to 2500 h (500 h increments)

exposure samples

Pt-Rh catalyst mesh

H,O inlet
CO,/0,/S0O, inlet
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Low mass gains for all Ni alloys—notably higher for Alloy 263.
XRD identified corrosion products as Cr,04 with minor spinel oxide and TiO.,.
Little or no effect of SO.,.
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Alloy 740H (750 °C) N=]iom.
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« Chromia scale and internal oxidation of Al.

« Sub-surface voiding and recrystallization.*

« Similar observations for most Ni alloys.

* No effect of SO,, consistent with mass gains.
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Alloy 263 (750 °C, no SO,) T

Cross-sectional SEM
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Thicker chromia layer and occasional
nodules responsible for increased
mass gain.

TiO, also detected by XRD.

U.S. DEPARTMENT OF

{G) ENERGY 9

?“”%.




Alloy 263 (750 °C, no SO,) EPMA mapping [N=uew
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Oxide nodules rich in Ni/Co/Mo observed occasionally for alloy 263.

Oleksak et al., High temperature oxidation of Ni alloys in CO, containing impurities, Corros. Sci. (2019)




Effect of minor elements on chromia

formation/growth (750 °C)
Mass change at 2500 h exposure time vs. alloy wt% Cr, Mn, Si, Ti
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No effect of Cr.

Decreased mass
gain with increased Si
and Mn.

Increased mass gain
with increased Ti.

High mass gain of
alloy 263 associated
with high Ti content,
possibly also with
high Mn content.
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Mass change (650 °C) NS
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* Low mass gains and no significant effect of SO,, similar to
exposures done at 750 °C.
« XRD confirmed primary reaction product = chromia.




Mass change (600 °C) NS
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 Significantly higher corrosion rates in the presence of SO..
« 2-3 orders of magnitude higher mass gains + spallation.




Alloy 617 (600 °C, 0.1% SO,) N
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» Large surface nodules formed in presence of SO.,.
« EDS confirmed surface rich in Ni, Co, O, S.




XRD of alloy 617 (600 °C) N=|om
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* Only thin protective Cr,0,4 layer formed in the absence of SO.,.
» Non-protective oxides and sulfates formed in SO, exposure.
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« Several commercially available Ni-based alloys were exposed to high-temperature CO,
containing H,0O, O,, with and without SO, to simulate environments expected in direct-fired
sCO, power cycles.

» At temperatures of 650-750 °C.:
» All alloys formed thin chromia scale leading to low corrosion rates.

» Slightly increased corrosion for alloy 263, resulting from localized chromia failure
which was correlated with increased Ti (and possible Mn) in the alloy.

» No effect of SO.,.

« At temperature of 600 °C:
» Thin chromia scales leading to low corrosion rates in absence of SO..

» Significantly higher corrosion rates (2-3 orders of magnitude) in SO,, characterized
by growth of non-protective oxides and sulfates.

 Ni-based alloys are suitable in the absence of SO,, however caution is needed when
extrapolating corrosion performance to lower temperatures when SO, is present.
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