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Effects of Enviromment and Aging on :

Creep Properties of Alloy 80CH

Katsutoshi WATANABE, Tatsuhiko TANABEB, Hirokazu TSUJI
* %
Keijiro HIRAGA , Yoshikazu SAKAT , Hajime NAKAJIMA
*
and Haruki SHIRAISHI

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 23, 1990)

A series of creep tests were conducted at temperatures ranging from
750 to 900°C on a Fe-base heat-resistant alloy, Alloy 80CH, which would
be used for the cladding material of the neutron absorber rods of the
High-Temperature Engineering Test Reactor. The maximum rupture life
was 3552 h, In those tests the effects of environment and aging on its
creep properties were studied. The obtained results are as follows:
(1) ©No significant difference in creep rupture strength, creep
ductility and creep deformation resistance was observed between in
HTGR helium and in air. The creep rupture strength in HTGR helium
and in air had no difference from that cbtained in pure argon
with & remote controlled creep testing machine which would be used
for the evaluation of irradiation effect, neither.
(2) There was no notable difference in creep rupture strength, creep
ductility and creep deformation resistance among three different
heat treated materials, i.e., solution annealed at 1120°C for 1 h,
golution annealed at 1120°C for 1 h and then aged at 700°C for
530 h, and solution annealed at 1120°C for I h and then aged at
1050°C for 3 h.

* National Research Institute for Metals, Science and Technology Agency
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(3) The creep rupture atrength obtained in the present work was

situated within the scatter range of the available data in

literature.

Keywords: Alloy 800H, HTGR, HIGR Coolant, Aging, Neutron Absorber Rod,

Creep

i



JAERI—M 90061

L SE E ceereeeeeererereen e eerees e
9. EERFIE  ceeereereeeeees [ OPP O S OO PSP RRRRRPPROPO
91 BLEBPEIIL OFERBRE:  woeoeeeeorresmmesroe o s
09 EEEREME cveeeeeeienes ceeeeeieateeseessrasseereeaoteeeesriesEaraseaRt s Lt e b ReR e R e e e sae e s n b
9 ERERERUEE e SRR U PSSP UOTO TSRO P
B 1 2 AR eeeseeeeseeeaee e s
911 ERERTEBHSDEAED  cereeesesereien i
81,0 BEEHOESEE  oerererereoreem et

39 5y — FRBRE ORI I L FT oo oo
0 1 AEMIEE  <eeeereereeenee e
8000 BEFEAET  ceeereeeeseees e
8003 XHRIH oeveseesoesssess oo s
304 XEwA 0T FIAF ik BIEEIT oo

83 BRAEF — & & DILEL weoveeesesee oo
L EE D e
T OSSO R TR P R
B STRR eeveees e e
Kf B eeeeeeeerer e



JABRI-M  §0-061

Contents

1, IntroduChtdon vueweieeereeenensneroetosnttssrssassnnnsnas Gaanaeea
2, Experimental methods ...cviiiiiinrrriivarnrisnanns 3.: ..........
2.1 Materials and SPeCImeNS ...ueerienteateroesssasonansrvncsnos
2.2 Test conditiomns . ...ci i iiieiistesaisssssesssenansnssnnnssssa

3. Results and discussion ...iieuririiiiriinenninranenrianrnraenaeas

3.1 Creep Properties tiiieeersenstrennsroseancsuosnsnsesasancnnesns :

3.1.1  Effect of test environmment .. .iveuirvromarrocaracsanascans
3.1.2 Effect 0f 4g8Ing cvur i iini it vananrosonnn e
3.2 Observations and analysis of crept specimens ..:............
3.2.1 Metallographic fealures ...iieirervenrocsrnesansrarannes
3.2.2 Carbon analysis v errereereareerseissssoncsrsnraarsnnss
3.2.3 ZX-ray diffraction ........... ereee it an s e
3.2.4 Characteristic X-ray Images ....c.iieeieertnerensnanoannns

3.3 Comparison of creep rupture data obtained

in the present work with available onmes ....................
R 07 <Y o Yol 6 s e 3« <
AcknoWw]ledgementS s e ees et cesteensrosenensnsncsrcanresssnesnans
Rl e BNl i i i ittt s st s s n s asnessnsensnssonssnsssnasrennanenssss
Appendix ....iiiiii i i e e et ie e es et

¥



JAERI-M 80-061

aill
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IS O EESERUOAGHT E0 s ) — TRBAET -2 bDTH D, £/, 58 BT
REL S H A TR 510N » CRELE B S &k s, T ATy H AP TORBRE =R
ﬁhi@ﬁ%%%ﬁquotﬁ%Lomr§%ﬁfﬁ&@ﬁLto

3, HTGR CHEWEEEM & LR OEEFIL S REhETREOPR >0 TE, AU
ot LR E B - P OB TRRTV S, 20RO WTRIICRET 5.
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HRLEM TB s h 27— § %, Larson—Miller /¥5 £ =% ARV THRRL KA Fig.
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ETERE L bDTE B, Lind, EHESImm OFEI bEGHERO 30 mm 3 —E& L7
Fop, REREE SO AL TR, HOEOBRICE VW TE, FNRIC B EEE
%§<Ltﬁ%ﬁéoto_&ﬁ,%ﬁﬁﬁ%%E<T%&,M%%ﬁ%®<@n%%5%%%
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¥ OATEMETH, V- 7REBHF O LTREROL D HESN T 5,

s B BLTIRY, B 0mm ASERBAE L, BEIKL-> TR 6mm, 8mm EfE ]2
mm AFEAL TS LV, £7, 2V — 7HEMEBRICE 0 TEY, BHE6mm AAEERBE L L, Baitds
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CEBED LT B,

Ltﬁor,iﬂ%ﬁ%mtﬁ%ﬁ@é%,ﬁ%3mm®%m:@ﬁiﬁ@%ﬁ®%?%ao%ﬁﬁﬁ
k¢ﬁ?ﬁ%®ﬁ%%%&éﬁ@fu,ﬁ%ﬁ%@%%ﬁEﬁﬁﬁﬁ&%¢é<¢5%£ﬁ%cttbﬁ
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EVIET, EREUHFHEOLMELLL LALEVIDIF TR,
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Fig. 12 mohhsd 5, HTGR ~ U ¥ aBRUARKHTY ¥ - 7HlBRET > 2L 8 LD
B SERRERRBI S L to eIl TEh, BHERRSEL T bk
B, £t, RBRBESEVERRBEE(LIEMSERONS,
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¥ (REY RN A ‘

Tig. 12 0 FOM» 5o 5 & 90, BUBEEOEE, REEFCELLLL LTV,

3.2.3  XHEH

5 ) — 7R O A B O TR BB O XL 4T - o 155 N [HHFRIE O A
B % Fig. 13 R U Fig. 141054, HTOR ~ ) ¥ ahRUAZITY ) — 78Z /T - LV h
OEENZ BT &, OOy MnCrO. &0 CralCs @ 3 BEAEES N, 5055, B
B EEORIE TS D, RS AROFTITH B, 4B, o XEEFHFERE, &
BRERS, BUUEER: RBRIEERIGIKES O 220kEE T, $ToRho L TE
BTH-7.

3.2.4 XE<wA 07+ 54 F-KLBTESNN

5 — FRBEOTEHM ARV TXE YA 70T F 34 ¥ - IC R B LROEATET -7 &
L Lt B oA A Photo. 8 B U Photo. 9 iCmd .

HEilZ O, Cr, Mn, Si AIRU Ti OFxRHEITL T $HiZ, Mn B& b ALFEH
CEFL, ORUGCrid Vn ORFBEZ0E T (BRI Kbl Ttnalinrs, X
AL S BT EL B &, MnCrO, i b AXRERICEREL, 2OET (GaNEED
CrOy MEA LTV MW TE 2, COfEFE, HIGR ~J v aHRURGH T ) — 7

_57



JAERI-M 90--061

AT oFhoEicB L TOEKTED, £k, ~AF oA XROHTGR N1 v AHT
®%ﬁ$@&tfﬁ%éﬂfué‘ﬁ%&%ﬁﬁ@@@f%%]%mQB&Pme9®m&ﬁ
Lhir b & oI, RERIEE & BRI IEE L WISAICR, REICEHRS haELER, AR
¢ﬁ7U—fﬂﬁ%ﬁahﬁﬂmﬁngmHMRauoA$f7U—7ﬁ$%ﬁotaMm
ﬁﬁéi@%@@otemﬁ,ﬁ%ﬁ@%ﬁﬁt%ﬁmm,ﬁ%ﬁﬁﬁ%wﬁ,ﬁ%%%ﬁﬁm
B EHERINABLERED -,

WFhosREHI BT, ASIcE T 2 hdiE, Cr MU CHEL TV &0 HST,
FOMc T, CERUNNEILTVE DT L, XBOHERELETELLE, Cr &

CHELL T AITHEE, CraC THEEEMTEE, T, CHRUENMBE/LLTYSHTEH
¥it, Ti (CN) EEbnidd, 20BEOT"THD, XEEHFTRED ShiEh -,

ETAT, 7o4800H MY ZEE T HER (TTPEED i, Orr® itk -
HEEN b DR Degischer 5" itk - TRES N A LD HH B,

Orric Lk » TRESNA TIPERRRD LI U SDTH S, 600°C Tid, MuCe HETH D,
700 ~ 900 °C T, MuCe &0 b TiC LI ELBM, EE MG & TICHEZLTWVE, &
72, Ti+AI > 0.6 mass% OFEICE, v #H NL (AL T) HNTE 5 REENS 2,

—7, Degischer 512 &ofk%éﬂt ITTP 8RO L H LD TH S, 800 ~ 900 °C Tid,
MuCs & T1 (CN) BEFEL TV B, 900°C T 100 BEEILI LT Ti (CN) 23 33 H#H &4 5,

AR TE SRR, R~k isic, HI~900°C ovFhoRBEFOEAICS
MuCe ETED, BEBICTICN) dHDEREEVIEDRTH 72, §HbB, Orrick-
TERZEENL TITPENES, Degischer Sk » TREX N TTPEHEKE bEFHEL T
Wi, g, MEINOESIC K > TR LN TTP RS 7 U — 7alBb i LTl © & 4
WEWRHIEERELTVS LI COBA M, AHAOTMA TR, BETIN Y, 48, K
It B AHEAMEI T, TitAl = 0.6 mass% (Table 151 TH 52 &m0 v #H (Ni
(AL, T1) MTE 3 EIDOBRLEL > TVAN, BEME MM L 288 T 6 XEE
ﬁ%%T%V#KMNALTﬂ)@ﬁﬁﬁﬁbanﬁ#vtcXﬁ?%ﬁu?f%%%—ﬁi%
TRDESMTOFERTHE, ARUTIHERORITELRLTVWE I Eh o, dRRECET 5
AlETICESHEEMET LTWALEDLR, IHBEARFECEVT, v # (NL (AL TD) 2547
HLER-mEHED 1 D8 s s,

313 BEF—FEOHE

AR BT S REMETH 27 o (800 H i, BB L HonlEALTH D,
FHEERRT S BRI ARr cHR C0&8e0 7 ) ~7F— 7 v — P 2HITLTL 5,

Fig. 15 @AM THEBLAF— 542 Ed0 s —FF— s v — bl ah T A7~ 4 &
BB L&D THL, KR THELAZLORU I ) -7 F -4y — b I NTLE 00
EF - LNRBAREEEF O RELFTATOBF -y RIFLELL L, THbL, AL TH
Shicy ) - THRMEE R, BEF-20od o HENENE - TEY, Ae2oBtihE
HIEFE LD THEBEEVA S,



JAERI-M 20061

W
5«
il

HTTR OHEEREEHE S LCERTED Fe £447 0 A800H 0 7 ) — 7Rk RiZd
HTGR —RE M BHAoBERUGREROEL CBMITET 2 T 2EMELT, —
WOy ) - TERBRET, UTOL S BERERL,

1) HTGR ~1 o athe KT, 70— 7HE®E 7V - 7HEFERR O, ) - 7EE
EHO L TFhic bHEREERS SNAH o 1, T, SROPETRARORTOLS
12T 7, HREBARRBREC LT AT AP TORBERE bERLERRD N
Wit

@) 1120°C T 1 BRI AMALIMBARE L 7o bHB, & DAA(LLIRM 12 700 °C T 530 BRI O
FVER % 4 U Ao PR O A A CALERR 1 1050 °C T 3 FFRIQIFRILE Z FE L e M ORI T,
70— THERRE, 7 ) - TENEERU Y ) — TR O LRI S EETRRED S
Rt 0 - 1o

(8 AFRC@oNI s ) - THEERE R, BT -5 Ol oo FEENCRE > TED, &
S e OB RILBITE L bDTHB &V 5,

LR, S, AGEONREAEZOMEEIIYD, HTGR ~Y 7 2 FHKO P E £ K
LT, KBICBETZARTOF— 5 2ERT 2 o afel Hlr L7

%7, BEEHTOLRETRIMEO 7 U - 7RBRICE L TR, HBRFER, SRR UUR
Bk OEE V- BRI L5 ) - THEEEOERIHEL S 2BEDLDTHD, 7] -7
BT I R E TR OB EF LR LA TV B b D EFI L 7,

# (32

KRGO R M b, RS, R R A TEG - S AR R R A « MR T
PEREERIL I RO EEE LT, 27, SREBEESTORET AT REE
AL o AOE TR H T ERAE BRI @ VU ANA BRI » 7, T IR
HOBERLET, |

L X MW

(1) AARFHHES SR CFEBRmEoRIk (1988)

_7i



JAERI-M 90061
4- f\n %‘

HTTR QBRI & LTERTED Fe £A47 0 A800H 0 7 ) — 7T RIES
HTGR —RAHMERAOEER VS REFOFELEENIZET 6 2 LZHMNE LT, —
Eos ) - 7REBERTY, UToxk ) 0EREG .

(1) HTGR ~V » athE K&HT, 7V - 7HWHRE, 2 ) - 7HRFEERT 7 ) - 7EE
O WTF NI b EERERED N -7, i, SROTETREMRORSOLD
- Fe, HEERPARER IS L AR T AT v M AP TOERER E SEER IR D OGN
iipait,

(2) 1120°C < 1 BRI A i U o6, % OUEAR(LILEH I 700 °C T 530 B O &
SRR 1 U - S R O R LA 12 1050 °C T 3 B 0 W LR & i L 7o B O TR T
» ) — TRERTREE, 2 U — TRNENR U 2 U — TERRHO TR b EF N ERRED S
ARACI N .

3) ABRZECHEONI s ) — PHEHRER, HEF -4 O S0 FHANCNE - TED, &
e ORI ETEE L 6D THEE VA Bo

FEHOHES S, AALOFBIHRROMEITY LD, HTGR ~Y ¥ 4 BHKOREER
ELT, KBCEATIRRDOF— 7 2FRHT 5 T S8 FREL HIM L 7.

$, BERHTOAPHTREES®O 7 ) - 7ERICE L TR, BRSER EREERUER
ERiknzr -8 L5 7 ) - 7HNBEOSEMEL ) 3EEO OTED, 71 -7
BRI I 3 P TR ORI R HR T LA TV 5 D SR L 7,

& wF

KRR OFITIz M0, W, @EREEV 2 BART R R IR « MET
HEFBZELCEBRoErELET, 1, 2EMBBES TAKRETFAETREEZ
FHAEL « M TR RE A TR ESAE BRIz dk A BT - o, TOIRE K
HOBERLET,

z £ X W

(1) HARFHPES - SR TFERUEoRk (1988)



JAERI-M 80061
4- f\n -g

HTTR OHEWE B & LTERTED Fe #4427 2 180H 0 7 ) — 7T RIET
HTGR —RAHMERLORERUSREROFELEENIZET 2 2 LZHNE LT, —
ED s ) - THRBETY, MTOL I UFEREEL,

(1) HTGR ~V » athE KGRHT, 7V - 7HWSRE, 20— 7HRFEERT 7 ) - 7EE
O WTF NI b EELERED SN -7, £/, SROPETRESROBRFOLD
T 7o, SRR L BT LT Y M AP TORBRER L bERELERRD SN
iipait,

(2) 1120°C © 1 BifD AL & i U 76k, % OFAILILEEF I 700 °C T 530 B O &
SHALER A HE U 7o bHEL R O AL 12 1050 °C T 3 R o BB 2 FE L e MBI T,
2 ) — FUETRE, 2 ) — TRNEERY 2 ) - TERBERO VTR bEH R ETRED S
NI ot .

3) ABETEONS Y — THREEREE, BEF -7 oX oo HANCRE - TED, &
BAOBHRIEALETE L bOTHEEVA B

FHOBERN S, AALOTBRAREOEEICNSD, HITGR ~) ¥ 4 ZHKOELELE
ELT, KBOGETAZRGMO 7 — 7 2T 5 T S PTIREL HIM L 7.

$7, BERHTOVARETHEE®RO 7 ) - 7RBICE L TR, RBRSER, EBRBREUER
PihnzEE V- ERIC KB ) - THEEBREOEIEEL S 3EEOLOTED, 7T -7
WS I R E T T RE O REFRCHE LA TV B D I L7,

B

i (32

AW ORITIZ N0, WY, EEHRE2EBART R EEHR IR « MBI TE
HEFEERE I E, BosrELET, £, 2EMBBES TRARRTFAIETREIZR
FRHEREL « BRI TR DM EHRAE B RIc @ L AA BRI - foe T CITERCR
BHOBERLET,

W

Z 3 WK

(1) HARTFAWE BTy ok (1988)



JAERI-M 90-061

(2} BAET AR SR A FURER OB (1986)

3 K Watanabe, T. Kondo and Y. Ogawa : Nucl. Technol. 56 (1984) p. 630

{4) H. Tsuj, H. Nakajima and T. Kondo :in Proc. of a Specialists Meeting on
High Temperature Metallic Materials for Gas-Cooled Reactors, Cracow, Pcland,
1989 (JAEA, Vienna) p. 81 . o

(5] HARTABIE - £ HURRY 2 FRRLEFEAREINS EREHE -+ 7y
o= TREE GRIEERMENC D0 T) (1985)

6) BT BMEITISAR | NRIM CREEP DATA SHEET No 27A (1983)

(7) OARTEHRK JIS Z 2271 (1978)

(8) OARTHEHMR JIS Z 2272 (1978)

9} M. Shindo and T. Kondo : in Proc. of Inter. Conf. on Gas-Coocled Reactors
Today, BristolL- UK, 1982 (BNES) Vol. 2, p. 179

(0 J. Orr:in Proc. of Petten Int. Conf, on Alloy 800H, Petten,/The Netherland,
1978 (Nerth-Holland Publishing Co. Amsterdam) p. 25

1) H. P. Degischer and H, Aigner : in Proc. of Inter. Colloquium on stainless

6

steels, Saint-Etienne TFrance, 1982, p. 16



JAFERI-M 90—061

Table 1 Chemical composition of specimen material (mass?).

¥ Mn Si 5 Cr Fe Cu Ni Al Ti

0.08 0.8 0.4 0.004 21.22 41.8 0.13 33.18 0.24 0,36

The values of the table are quoted from the certified
report of inspection by the manufacturer.

According to the result of carbon analysis in the present
work, the value of carbon content is 0.0725 mass#k.

Table 2 Impurity levels in the test environment (Pa).

Hz He0 ¢o €02 CHs

30 0.3 190 0.1 1.5
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Table 3 Test matrix.

Heat Diameter ; Test

treatment of specimen Environment temperature Stress | Frequency

98 MPa 2

750°C 69 MPa 2

54 MPa 1

54 HPa 2

800C 44 WPa 2

6 mm HTGR helium 44 MPa 2

850°C 39 MPa 2

34 HPa 2

) 29 MPa 1

:ﬁ:gigg 900C [ 25 Wpa| 2

(at 1120C gg ﬁg: é

for 1h + WQ) - Argon 800°C 59 WPa 7

(>99. 995%) 300°C 49 MPa 2

39 MPa 2

g8 MPa 1

6 mm 750C 59 WPa T

69 MPa 1

Air 800°C 59 MPa 1

3 mm 49 MPa i

29 WPa 1

300°C 25 MPa 1

20 MPa 1

. 78 MPa 1

s WO

(at 1120C HTGR helium 850°C; 44 WPa 1

for 1h + WQ) 34 MPa 1

; 00T 25 MPa 1

Aged 78 MPa 1

(at 700°C Air T |69 HMPal 1

for 530h) 59 Hpa 1

6 mm 900C 25 MPa 1

Solution 78 MPa 1

annealed S T

(at 1120°C HTGR helium 850°C 44 MPa 1

for 1h + WQ) 34 MPa 1

+ 900°C 25 MPa 1

Aged 78 MPa 1

(at 1050°C Air BT oAl 1

for 3h) 900°C 25 MPa 1
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Fig. 1 Relation between applied stress and time to rupture
for solution annealed Alloy 800H.
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Fig. 2 Relation between applied stress and Larson-Miller

Parameter for solution annealed Alloy 8GOH.
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Parameter for solution annealed Alley 800H and aged ones.



JAERI-M 80061

100~ LR ' Alloy BOOH
0 v HTGR )
@ 4 A A OV heliium Air
& Salution
* 80¢- ® ® & — ' onnealed @ ©
- Aqed
2 ® (700°c 5300 2 o
5 7507 Aged
S ol L ; (1050°C,3hy T v
o 100 T L T v l
oo &
©
g LA .
A
— 0
& © &
8507C 900°C
0 | — 1 l |
5 40f R Tox > 10'10? i0® S

Time to rupture, h

Fig. 10 Elengatiecn to rupture versus time to rupture
for solution annealed Alloy 8C0H and aged ones.

_16_.



JAERI-M 90-061

"HOO8 LoTTV 1dead 307

21n3dna 03 PWII SNSIVA JUSJUOD UOQIBD HTNg Z1 813

[

Y ainydns o} awiy

Ol ¢ Ol g L g Ol
_ T — 0
A 0 ny
A v @ wnRy H91H
| {ug "0,0501){40€G 0,004}  pafpauuo .
paby paby uoiinjog —] §00
A [:::] [
® 4 8 =
v ww Q@ av %.v \ W
v 153) 910J9§ .
— — 10 g
v 2
oo
@ A m
® ® HOOB Aojly .
ﬂ ® | * | ] 510 S
_ [ 7 0 <
v |—1| o A ny -
v a @ A |wniisy YoiH 3
2,006(2,058(3,008(2,06/ @
s —{G00 o
a 5%
P A——
A w VR A mmb A
9 ® " 1591 Bommm\ .
— — 10
 Z
v k4
® M Ho08 Aoy
| v | ] [

GI'o

*sauo pade pue HOQR LOTTV PaIBSUUR UOTINTOS JOJ SS9I115

porT7dde jo uoriouni ® s® e3lBl 49910 =23els ApEDIls ]

DAl £ $5911G
002 00l 06 02 0l G
0l
_ I i _ ¢
005, 3006
L, 2058 g
@
B R g
@
\ 4 \ Mo
[
s 7 i
u \ r -5
a /O
8
- \ ~1,0f
TUE "2,050N
\q A | paby
v {0£53,00L]
v 8%.4
pajpauuD
@ o . uo1}n)0g o
= N ey "
[ [T 119 H|HO08 Aoty
_ i 1 _ |

‘9101 d3310 3lDIS ApDRIS

4/ %

"814



Intensity(arbitrary unit)

Fig.

Intensity (arbitrary unit)

Fig.

JAERI-M  90-06]1

20001 o ¢r, 04
10004 2 Cr23%

e MnCr, 0
500+ 274
100+
20 ; N \ i
i 20 30 40 50
20001

50 60 70 80 90
26 (%)

13 Typical X-ray diffraction pattern of electrclytically
extracted residue of Alloy 800H ruptured in HTGR helium
under a stress of 25 MPa at 900°C.

50 60 70 8 0 90
26 (°)

14 Typical X-ray diffraction pattern of electrolytically
extracted residue of Alley 800H ruptured in air under
a stress of 25 MPa at 900°C.
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Fig. 15 Comparison of creep rupture data obtained in the present work
with those in NRTM CREEP DATA SHEET(®)

for Alloy 80OOH.
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2.5um

Phote. 6 Transmission electron micrograph of solution
annealed Alloy 800H ruptured in HTGR helium
at 850°C under a stress of 39 MPa. (ty=541h)

0.4um

Photo. 7 Transmission electron micrograph showing the
interaction between carbides and dislecations
in the specimen of Photo. 6.
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Alloy 800H
tSolution annealed)
900 °C, HIGR helium
25MPa, tr=1384n

10pm

Photo.

8

Characteristic X-ray images cf Cr, O, Mn, Si, Al

and Ti in the surface region of solution annealed
Alloy 800H ruptured in HTGR helium at S00°C under
a stress of 25 MPa. (ty=1384h).



JAERT-M  890—06]

Atloy 8O0H
(Sululicn anncaled)
900G, Air
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Characteristic X-rav images of Cr, ¢, ¥n, 51, Al
and Ti in the surface region cf scoluticn annezled
Alloy 8001 ruptured in air at 900°C under a stress
of 25 MPa, (tr:IZSS,Qh)
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Table A.1 Results of creep tests for solution annealed Alloy 800H.
Environment | lest Stress | Time to | -y-p | Elong. to Reductibn Steady state
temp. rupture rupture in area creep rate
93 MPA 119 h| 22587 56 % 3 % 2.3X10°" %/h
96 h| 22491 69 % % & 4,0X10°' ¥/h
750°C 89 MPa 500 h| 23225 26 % 58 % 4,0X10-2 %¥/h
-1 1022 h| 23542 46 ¥ 58 % 3.2X1072 %/h
54 MPa | 2679 h | 23870 5 % 39 ¥ 1.1%10°2 %/h
54 HPa 636 h| 24472 36 ¥ 64 % 4,1X10°2 %/h
800°C 1014 h{ 24689 45 ¥ 5 % 2.6%¥1072 %/h
44 HPa 3031 h| 25199 52 % 58 ¥ 8.3X10°3 ¥/h
1920 h| 24987 70 % 4 ¥ 1,1X10°2 %/h
HTGR helium 44 WPa 338 h| 25303 b6 ¥ 83 ¥ 8.1X10°2 ¥/h
361 h| 2b336 4 3 61 ¥ 7.5%1072 %/h
850°C 39 MPa 541 h|{ 25533 48 ¥ 85 ¥ 2.9%10°2 %/h
8936 h| 25800 6 % 86 ¥ 2.3%10°2 %/h
34 WPa 1571 h| 26053 52 % 91 % 1.5%10"2 %/h
; 1739 h| 26102 25 % 80 % 4,0%10°% %/h
29 MPa 574 h1 26700 84 % 4 % 4,2%10°2 %/h
900C 95 MPa 1384 h| 27148 53 % 72 % 9.6X10°2 %/h
1318 h| 27123 24 % 63 % 7.2X10°% %/h
20 MPa | 3552 hy 27628 b3 % 50 % 2.6X10°% ¥/h
80.0h | 23505
500 78 MPa 45 3n | 23418
Argon 69 HPa 149, 4h | 23796
133.2h § 23743
(>99. 995%) 49 MPa 30.5h | 25204
900°C 23.6h | 25074
39 MPa 147,4h | 26007
133.1h | 25955
750°C 98 MPa 102.8h | 22522 78.8 %
63 MPa | 1786.8h | 23790 63.5 %
69 MPa 272.8h | 24077 13.3 ¥ 7.00X1072%/h
Alr 800°C { 59 MPa 652.5h | 24484 28.0 % 3.64X10°2%/h
49 MPa | 2579.9h | 25124 23.7 % 6. 29%10°*%/h
29 MPa 621.0h | 26740 28.6 % 5.67X1072%/h
900°C | 25 MPa | 1255.4h | 27098 35.7% 2.80%10-2%/h
20 MPa | 2564.8h | 27462 47,5 % 1. 75%10°2%/h
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Table A.2 Results of creep tests for aged (700°C, 530h) Alloy 800H.

Reduetion

Environment | 165t | Stress | TiMe tO | [-j-p Elong. to |F Steady state
temp. rupture rupture in area creep rate
TE0C 78 MPa 504 h| 23228 65 % 63 % 7.9%10°2 %/h
59 MPa | 6471 h| 24362 5 % 50 % 2.8X10°° ¥/h
HTGR helium 850°C 44 MPa 523 h| 25516 64 ¥ 88 % 6.0X1072 ¥/h
34 MPa | 1851 h| 26133 56 % 79 % 5.4%1073% ¥/h
900°C | 25 MPa | 1303 h| 27117 69 % 69 % 1.9%10°2 %/h
78 MPa 472.0h | 23199 96.8 %
Air 750°C | 69 MPa | 1350.8h | 23666 63.3 %
59 MPa | 2833 h | >23885
900°C | 25 MPa | 1250.3h| 27036 54,5 %

Table A.3 Results of

creep tests for aged (1050°C, 3h) Alloy 800H.

Fnvironment Test Stress Time to | [-y-p Elong. to | Reduction Steady state
temp. rupture rupture in area creep rate
750°C 78 MPa 248 h| 22813 87 % 8 % 1.9X10°! %/h
59 MPa| 2168 h|{ 23876 7% % 4 % 1,7%10°2 %/h
HTGR helium 850°C 44 MPa 287 h| 25224 B0 % 88 % 1. 4X10°! %/h
34 MPa | 1199 h| 25921 67 % 97 ¥ 2.3%10°2 %/h
900°C | 25 MPa | 1380 h| 27147 93 % 84 % | 1.3%X10°% %/h
750°C 78 MPa 346.2h | 23061 81.3 %
Air 59 MPa | >2638 h | >23864
900°C | 26 MPa | 1301.4h | 27117 70.3 %
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Table A.4 Results of carbon analysis for crept specimens.

treataent | Speninen | EOViroment | TS | Stross | Tine to | Carbon content
98 MPa 113 h 0, 0738 mass¥
500 h| 0.0704 mass%
750°C | 69 MPa =000 1767 massy
54 MPa | 2679 h| 0.0797 massg
636 h 0. 0798 mass¥
g0oC | %4 ¥P2 0T H 0. 0770 nass?
Sol. annealed 6 mm | HIGR helium | 44 MPa | 3031 h| 0.1337 mass¥
(at-IIZOTZ | | 44 MPy 361l h 0.0792 mass¥
for 1h + W) 850°C [39 MPa | 936 h| 0.0850 mass}
34 MPa| 1739 h| 0,0904 mass¥
29 MPa | 574 h| 0.1304 mass¥
900°C | 25 MPa | 1384 h| 0.1451 mass}
20 MPa | 3552 h 0,1205 mass¥
800°C [ 49 MPa | 2579.9h| 0.0814 mass?
3 mm ‘ Air 900°C 25 MPa | 1255, 4h 0. 0780 mass¥
20 MPa | 2564.8h | 0.0861 massg
Sol. annealed 750°C 78 MPa H04 h 0. 0784 mass¥
+ : 59 MPa | 8471 h 0. 0789 mass¥
Aged 850°C 44 MPa 523 h 0.0951 mass¥
(at 700C | 34 MPa | 1851 h| O0.0794 massy
for 530h) HIGR holiun |—300°C |25 MPa| 1303 h| 0.1085 massk
Sol. annealed 6 mm 750°C 78 MPa| 248 h 0.0748 mass¥
e A 2 T 0 s

a o, mass

Aged 850 [ pa [ 1199 h| 0.0768 massg
(at 1°5g13 i 500°C | 95 WPa | 1380 h | 0.1225 massy
or h{  0.0749 mass%

Air 750°C | 78 MPa | 346.2




