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Effect of Carburizing Helium Environment on Creep Behavior of Ni-base
Heat-resistant Alloys for High-temperature Gas-cooled Reactors

Yuji KURATA, Yutaka OGAWA and Hajime NAKAJIMA

Synopsis :

Creep tests were conducted on Ni-base heat-resistant alloys Hastelloy XR and XR- II, i.e. versions of
Hastelloy X modified for nuclear applications, at 950°C using four types of helium environment with dif-
ferent impurity compositions, and mainly the effect of carburization was examined.

For all the materials tested, the values of creep rupture time obtained under the carburizing conditions
were similar to or longer than those in the commonly used, standard test environment (JAERI Type B
helium). The difference among the results was interpreted by the counterbalancing effects of the
strengthening due to carburization and possible weakening caused under very low oxidizing potential. In
the corrosion monitoring specimens pronounced carbon pick-up was observed in the environment with high
carbon activity and very low oxidizing potential. Based on the results obtained in the present and the pre-
vious works, it is suggested that a moderate control of the impurity chemistry is important rather than sim-
ple purification of the coolant in protecting the material from the environment-enhanced degradation.
Either condition with high or low extremes in the oxidizing and carburizing potentials may cause enhanced
degradation and thus are desirable to be avoided at the elevated temperatures.

Key words : carburization ; helium environment ; Hastelloy XR ; HTGR ; carbon activity ; oxygen potential ;

degradation.
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Table 1.

RS 30 mm OPEABRARS HY, BER
E&121d, 5X10X 2 (mm) O EMBIRERF % w2, 2y —
TREBH B LUOBERBRA ORI 1200 F$ THT X
Y — 4RI X BB & i L CRBRICHE L /-

2:2 BERMAUYLEBHFORE

Cr DHEENZ AV BEBEOBITE IOV T
IS CHLLBRTVEDT, T CREAYRNS
ZtETh.

H,, CO, CH,, H,0, CO, HDHERMPEEL~
Vo AZBROBESE L RFERE R, oo HHT A
VE—DEW R0 L) 2R, FHEKREHE
IANVF—OBREAVTEHETAZ LA TE S,
BESE

Py,
HzO:Hz"'é—O! pé{Z_T“ﬂz‘l.K‘ ...... (1)
Peo,
CO.=CO+40,  Pyi= 2 Kpo(2)
co
RFIGE
Peo* Pa,
CO+H:=[C]+HO0 ac= CIOD B Ko (3)
H20
2
2CO0 =[C] + CO, ac=PC°'K. ...... (4)
oy
Pcy,
CH, =[C] + 2H, Qe = Pz ) A (5)

ZIT, Po, 3BESE, Puo, Pay Pco, Poos
Poy, 3 Zh Zh H,0, H,, CO, CO, CH, D5NE,
ac BREFETHD, Ki-Ks 3O FHERTH 5.
— I FEROBESERRKRERIEES T 5 KLk
EBHEAHVWONALZERS, T I TIHATHRY LRI
(D)-(8)XTEHBEENLZEDI LEIEEEZD
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He-6, He-7 OBESE L kFEIEREIE, Fig. 11T sh
Twhb., He-lid, @MiRA A 1 RGHFZELLL 724
BB A E LT, fEREDAVTELEHBEIAY
% LA TdH%5. He-2, He-6, He-7 Tid, H, CO, CH,,
H,0, CO, DHENEZTHY, Fig. 1 IWRTXIHIT,

Chemical composition of specimens (wt% ).

C Mn Si P S Cr

Co Mo w Fe Al Ti B Ni

Hastelloy XR 0.07 0.83 0.33
Hastelloy XR- I 0.07 0.87 0.27

<0.005

<0.005 <0.005 21.94
0.001 21.96

<0.05 9.10 0.48 18.11
0.12 9.24 0.46 18.33

<0.05 <0.05 0.00035 Bal.
0.03 <0.05 0.004 Bal.
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Table 2.

ments.

Impurity composition in helium environ-

patm (Pa)
Hj CcOo CO2 CHy H20
He-1* 200%20) 100(10) 2§0.2; 550.5;

U
o~

He-2 50(5) 25(2.5) [ 2(0.2 5(0.5
He-6 500 503 g g — —
He-7 500(50) | 400(40 10(1) 5(0.5)

*JAERI Type B helium
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Fig. 1. Carbon activity and oxygen partial of
different helium environments in stability diagram
for chromium (gc. = 8.8) at 950°C.
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Fig. 2. Comparison of creep rupture times in
different helium environments.
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Fig. 3. Comparison of creep-rupture ductility in
different helium environments.
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Fig. 4. Comparison of creep curves for Hastelloy
XR in different helium environments.
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Fig. 5. Comparison of creep curves for Hastelloy

XR-1 in different helium environments.
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Fig. 6. Relationship between weight gain and exp-
osure time in different helium environments.
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a) He-1 b) He-6 c) He-7
Photo. 1. Microstructures
of Hastelloy XR- II ruptured
at 950°C under 26 MPa in
He-1, He-6 and He-7.
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Fig. 7. Change in carbon content for Hastelloy
XR and XR- I exposed to different helium environ-
ments.
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He-6 IR SN A BLIE I ECHE LT VWY M 2
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ELBREHICZLVEVL S,
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Fig. 8 i3 AREERTHT> 72 He-1, He-2, He-6, He-7
DOEHRB L URIHY T L 72 He-4 OFERHTH
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a) Hastelloy XR, He-6 (1 069 h)
c) Hastelloy XR-1II, He-6 (1 069 h)

Photo. 2.
ments at 950°C.

950°C
fll Hastelloy XR-ll

B Hostelloy XR

Rupture fime (h)

TSR

-26 -24 =22 -20 -8 ~-16 -14
Log P02

Fig. 8. Comparison of creep rupture times for
Hastelloy XR and XR-1I under 26 MPa in different
helium environments indicated in stability diagram
for chromium (gc, = 0.8) at 950°C.

H,:500 (50), CO:3 (0.3), CH,:5 (0.5), H,O:
0.05patm (0.006Pa) T& Y, CHy DRI LD
He-4 i3 Cr DHZEN LRFEE 1 (log gc=0) DL

b) Hastelloy XR, He-7 (1 287 h)
d) Hastelloy XR-1I, He-7 (2 287 h)

Microstructures of Hastelloy XR and XR- I exposed to different helium environ-
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%%, He6 DRREEBIIZNHICHNTEL . He-7 &
He-1 % He-2 ICHNTREFEDHWFHATDH 5P,
BREIBRFOBREIHEML T2, ZOKRLD,
Cr,0; DREL ZAHEBMTRIREFGENELEL 2D
THBRBRIHPIVENLEZVEWV) T ENTES.
He-6 CRREBRENE L, TITERLTWZTA R
H— KRB R RIS T R RERE L L TA+HT
5. Cr,C, DEELRBHTIRENDH > EERI
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NZAFO4 XR ED/Jhs8nEEZONRDL, ZhbDE
B4R 12 Table 3 IWERRB X UKD 2 ) — THEW
BICRIZTHEL LTI LEDHORTWVS,

Ai® B L0 Fig. 8 (Z/RL72& )2, Cr,C, MPEE
L 7% % He-4 DERMAR T, "A5u4(4 XRBXU
XR-11 OEWTEER] X He-1 @ 60~75% &% 0, ZO%H
BTHMEBEROBL % 70 TERSH S 2 L ATRE S
N7z, He-4 i CH, D%RIZL D EFEIFE1 (log gc=
0) ONEIZHAHH, CHy it Spatm (0.5Pa) &4 %
{, He-4 TOREE X He-1 ® He-2 L FEEDNO =
HbEPLBBETHON. He-d DRFFERBIFBIZL 2H
bOoTREBEIVZVWI 25, BEBRESETTH
TH, (5)RORICEEEI»RDBVEEZOND,
He-4 Ti3 Cr ® Mn OB LI E T, I 2%k
BRAFEZ D720, BHTRERIEeRE 2ok, Tz
b, TDXHIC Cr0; DREBEE L DIRCERRSE
TCil, BRIEBZEOKELEEBIFIEREI SV,
BERTER:EHAHELEZORD. DX 2BIEKERES
ETFTCTos bRz, BiLEfboxm, REUNDE

CABEBLEOREEVEZLNLY, TEHL T

%\, Table 3 121X 2 OBIEBERESTET TOEILD 2
J—THMREICEEY SR 0RTFELTTIEDOLNT
Wb,

Table 3 12k iE, "2 57104 XR 2L T,
He-6 TR X AV is{biEH L BRIEBESET T

Table 3. Effect of environmental factors on creep rupture strength of Hastelloy XR and XR-1I in helium en-
vironment.
Carburization Decarburization Degradation under very low oxygen partial pressure
Strengthening ++
Hastelloy XR
Weakening +
Strengthening +
Hastelloy XR- Il
Weakening +
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OFHLIER B S, BHiFMIR 25, He-7 TR
RIC X BV BILER DA D@ < A5, EBESZTO
BRTHDHZEHS, REFFMAITIE He-6 2 &ML H
TwhwneFEzons (Fig 2). ~"257u4 XR-I ©
12 He-6 2BV TREIC X 558 L &L BIEBRESETTO
LML TV BDIIHF L, He-7 TIRIBRIZK D
(LD ADEAT- L BB LD TES.

5 &

BB A A L RGHRANY 7 LR TO 2 ) — TEHIC
AT TREUEANY Y AFRAOEBERARDL 720, T
WHK O R BANY 7 A FVT, 950°C THAFO4q
XR BLXUOXR-T @27 V) —7REBRZTV, kOEEE
7.

(DEREBRCTHWABREAY 7 LFHKR TR, WE
SLLBREL, 7 — THERHIZ He-1 (FEHFBAIA
L) ERTRALPEL 227 BEREOERWFE
[CHEMEHSREL 222 b, BRIZZ ) — 7
ErEowbrELONE,

(2)~N) Y AFHAROKRERDVE 2272548,
Cry0; B ARELBEBESE T CRBEERBRF OR
REAHEIL 7225, Cr,0; OEEHEIBTRBRE T
mL s>,

(3)HAEDERREMENY 7 LAFHKIC BT DB
MoHEZ, BKICK2HILOBEDE Y & BIKERFES
EFCHEETAHLEEZONLFILERTEHVCHEL
7z,

(4)BERT A1 REHFR T Cr0; KEHBLE %
HEVBESEETED, RREEZI S 2WwXSH COF
FEE2E2Z LD, BRICKBEIEOBIEE 7)) — T
DHAL RS L THEMTH D Z L &R L.

7 ) — THWH B L OB RRKEBRF 0 SR T TR
WEPWIEHAEBRICESFHBE L I3, F-AHEOE
TEEA OBIE % v 212w 7R EE S BREL - M T
RICE#HBELIET.
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