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�Why	use	supercri%cal	CO2?	

•  �PotenDal	advantages:	
•  no	phase	changes	
•  high	efficiency	
•  more	compact	turbine	
•  short	heat	up	
•  less	complex	
•  lower	cost	(?)	
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�Why	use	supercri%cal	CO2?	

•  �PotenDal	advantages:	
•  no	phase	changes	
•  high	efficiency	
•  more	compact	turbine	
•  short	heat	up	
•  less	complex	
•  lower	cost	(?)	

•  CSP-relevant	
•  Turbine	locaDon	
•  Deployment	(load	following)	

Source:	MIT	report,	2004	
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Focus	is	on	temperatures	>720°C	

High	efficiency	(Feher,	1968)	

BUT,	limited	sCO2	data	there	
ALSO,	limited	materials	available	
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Today’s SC & USC 
Technology 
Limited by Steel 
Alloys 

A-USC Technology 
Requires Nickel-
Based Alloys 

Courtesy	EPRI	

sCO2	benefits	from	materials	work	of	A-USC	(Steam)	
DOE	A-USC	(Advanced	Ultra-SupercriDcal)	Steam	Boiler	and	Turbine	ConsorDums	
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4”	(100mm)	

1350°F/1400°F	(732°C/760°C)	
5000psi	(34.5MPa),	9.8”	(248mm)	I.D.	

Precipita%on	strengthened	Ni-base	alloys	have	a	clear	
advantage	for	>700°C	applica%ons	

•  Significantly	stronger	than	
convenDonal	Ni-base	
alloys	such	as	617	or	230	

•  740H	ASME	Boiler	&	
Pressure	Vessel	Code	
Qualified	in	2012	
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Project	goal	is	to	develop	a	sCO2	life%me	model	

•  Performance	metrics	developed	for	700°-800°C	
•  mass	gain	rate	kp	in	1	and	300	bar	CO2	≤	5	x	10-13	g2/cm4s	
•  internal	oxidaDon	rate	kc	in	1	bar	CO2	≤	10-4	cm2/s	
•  relaDve	creep	rupture	life	in	CO2	vs.	(argon)	
•  Thermodynamics:		carbon	acDvity	<	1	at	all	relevant	condiDons	

•  Year	1	focus	on	1000h	exposures	
•  10-h	cycles	in	1	bar	CO2	at	700°-800°C	

•  2nd	set	of	specimens	conDnuing	to	4,000h	(400	cycles)	
•  500-h	cycles	in	300	bar	CO2		

•  Creep	rupture	tesDng	of	tubes	pressurized	with	sCO2	or	argon	
•  Several	innovaDve	features	

•  First	laboratory	evaluaDons	at	relevant:	T,	P,	duty	cycle	
•  EvaluaDng	creep	debit	in	sCO2	environment	
•  Partnering	with	3	leading	alloy	manufacturers	and	educaDng	the	CSP	

industry	on	materials	choices	for	≥720°C	sCO2		
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Creep	tes%ng	ge]ng	underway	at	Brayton	Energy,	LLC	

Creep	furnace:	
Parallel	tes%ng:		in	sCO2		

	 	 	 	and	argon		

740H	creep	specimens	
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Experimental	facili%es	available	at	ORNL	

Automated	cyclic	rigs:	1bar	CO2		 Autoclaves	for	300bar	sCO2		
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Four	alloys	were	selected	for	this	study	

Alloy 	 			Fe 				Ni								Cr 		Al 	 	Other	
Sanicro	25 		42.6		25.4		22.3 	0.03	 	3.5W,	3.0Cu,	1.5Co,	0.5Nb,	0.5Mn,
(Sandvik) 	 	 	 	 	 	 	0.2Mo,0.2Si,0.2N	
Haynes	282 			0.2			57.1		19.6 	1.6 	 	10.6Co,	8.6Mo,	0.04Si,	2.2Ti,	0.02Mn	
(Haynes	InternaDonal)	
Inconel	740H		0.1		49.7			24.5 	1.4 	 	20.6Co,1.5Nb,	1.4Ti,	0.3Mo,0.3Mn,0.2Si	
(Special	Metals)	
625	 		 			4.0			61.0			21.7 	0.12	 	8.8Mo,	3.5Nb,0.2Ti,0.2Si,0.2Mn,0.1Co,
(industry	selecDon) 	 	 	 	 	0.09Cu,0.06W	

	
ComposiDon	analyzed	by	ICP-OES	and	combusDon	analyses	by	Dirats	Labs.	
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700°C:	somewhat	erraDc	behavior	observed	with	low	mass	gains	
800°C:	more	uniform	behavior,	sDll	some	scaoer	
282:		higher	mass	gain	associated	with	internal	oxidaDon	of	Al+Ti	
1st	set:		stopped	at	1000h	at	700°,	750°	and	800°C	
2nd	set:	proceeding	to	4000h	at	700°	and	800°C	

Cumula%ve:	50,000h	completed	in	10-h	cycles	
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•  Calculate	rate	constant	kp	
g2/cm4s	from	MG	vs.	√t	
•  1000h	data	sets	

•  All	alloys	below	goal	of								
5	x	10-13	g2/cm4s		
•  <100µm	oxide	in	100,000h	

Measured	rate	constants	below	project	metric	
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Metallography	completed	of	1000h	specimens	
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Oxide	thickness	from	10-h	1	bar	tests	will	be	compared	to	
measurements	from	300	bar	experiments	acer	1000h	
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Summary	

•  New	project	started	to	develop	a	lifeDme	model	for	CSP	
sCO2	applicaDons	
•  100,000h	(30	year)	lifeDme	desired	
•  Year	1	of	3	year	effort	
•  Data	sets:		mass	change,	reacDon	product	depth	

•  Exposures	in	progress	
•  2nd	set	of	10-h	cycles	in	progress	to	4000h	
•  1st	300	bar	500-h	cycle	completed	at	750°C	
•  Creep	rupture	tesDng	of	740H	to	begin	this	month	

•  CharacterizaDon	will	focus	on	1000h	exposures	
•  10-h	cycles	in	1bar	vs.	500-h	cycles	in	300bar	sCO2		
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Backup	slides	
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Testing proceeds for 3 years 

§  Project	Dmeline:	
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Successful	ASME	Code	Case	for	Inconel	740	

“World	has	taken	noAce……precedent-
seDng	case	for	age-hardening	material”	

Jack	deBarbadillo	
Special	Metals,	PCC	

April	11,	2012	
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§  Very	low	carbon	acDvity	(ac)	in	the	gas	
§  Next	step	is	to	calculate	ac	at	the	Cr/Cr2O3	interface	

Thermodynamics being evaluated 
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ü  Based of feedback, alloy 625 was selected as the 4th alloy 

21	

Alloy OEM-1 OEM-2 OEM-3 OEM-4 OEM-5 HX-1 HX-2 HX-3 HX-4 Total 

625 0.5 3 3   2     1 2 11.5 

617 0.5     3 3     3 1 10.5 

230 0.5 2 1 1   3       7.5 

120     2     1     3 6 

718 3     2           5 

310       0.5     1 2   3.5 

800H             3     3 

Other 105 224     347 X PE16       

Industry survey used to select 4th alloy:  625 


