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Outline

* Exposure testing
* Alloys
* Condition

e Visual observations

e Gravimetric results

* Iron based alloys
* Nickel based alloys

e SEM results

* Cross sections of Ni alloys

e Scale thickness
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ODbjective of this work

* High temperature boiler materials have been developed for
steam/combustion gas conditions. Are these materials appropriate for
direct sCO, cycle conditions, and which are the best™ at resisting high
temperature corrosion?
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Alloys
e Fe based
e Ferritic:

e Grade 22, Grade 91 , E-Brite
e Austenitic
e 304H, 3108, 347H

* Ni based
* Solution strengthened
e 230, 617, 625

* Age Hardenable
e 263, 282, 740H
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Direct fired testing conditions

Condition CO,, vol % H,0, vol % 0,, vol % SO,, vol %

DF4-Fe 4 1 550
DF4S-Fe 95 4 1 0.1 550
DFA4-Ni 95 2 1 — 750
DFA4S-Ni 95 4 1 0.1 750
DF11-Ni 38 11 1 == 750

Tests at atmospheric pressure.
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Surface visual, iron based
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Surface visual, Ni based

DF4-Ni
e 750°C
* 95vol % CO,
* 1 vol%O,
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Gravimetric results
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Iron alloy surfaces, GD 91, 310S

SCP R )

750 °C

95 vol % CO,

1 vol%O,

4 vol % water
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#7%,, U.S. DEPARTMENT OF
JI




N: NATIONAL

Nickel alloy surfaces, 230, 625, 617 TLiscxiior

625 617 750 °C

95 vol % CO,

1 vol % O,

4 vol % water
No SO, 2,500h of exposure
With SO,
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Nickel alloy surfaces, 740H, 282, 263
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230, least mass gain
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263 most mass gain
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Scale thicknesses
Alloy DF4 DFA4S Calc DF4 Calc DF4S
230
625
740H
617
282
263 ' _ _ Calc. thickness is assuming

weight gain is due to metal

304H converting to metal oxide.

310
347

Grade 91 Thickness in um after 2,500
Grade 22 hr. of exposure.
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summary

* Fe and Ni based alloys were exposed to conditions intended to simulate

the direct fired sCO, cycle (minus the elevated pressure.)

* Tests included gas streams with and without SO, additions

* No sulfur compounds identified on Ni alloys in the gas stream with SO,

* Coupons in higher water or with SO, had more mass gain than lower water

or without SO,

* The austenitic steels with the highest Cr did well at 550 °C even when SO,

was present

* Ni based solution strengthened alloys generally showed less mass gain

than the age hardenable alloys
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This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof.

Contact Information: Joseph.Tylczak@NETL.DOE.GOV
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