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Creep Rupture Properties of Nickel-base Heat Resistant Alloys
in Two Impure Helium Environments of HTGR

Fujio ABE, Yoshikazu SAKAL, Tatsuhiko TANABE, Hiroshi ARAKI,

Tadashi SUZUKI, Heitaro YOSHIDA, and Ryoji WATANABE

Synopsis :

In order to investigate the effect of impure helium environments of HTGR (high temperature gas—cooled
reactor) on the creep rupture properties of heat resistant alloys for intermediate heat exchanger tubes, a
creep rupture test has been carried out on four nickel-base superalloys in two impure helium gases, He-2
‘and PNP-He, at 1 000°C.

All the alloys were decarburized in some extent in PNP-He, while some of them were carburized in He-2
during the creep rupture testing, indicating that carbon potential of the gases was lower in PNP-He than
in He-2 at 1 000°C.

The alloy hardened by 7* (Niz(AlTi)) precipitation, R4286, was suffered from the environmental ef—
fects resulting in the formations of 7’ depleted zone, Al internal oxides and grain boundary carbide de-
pleted zone beneath the alloy surface. The creep rupture life of this alloy in PNP-He was found to be
one—third of that in He-2, which was mainly caused by the formation of carbide depleted zone along grain
boundaries due to decarburization in PNP-He.

The alloy hardened by o—W precipitation, KSN and 113MA, was suffered from the environmental ef—
fects resulting in the formations of «—W and grain boundary carbide depleted zones. The creep rupture life
of KSN containing highest concentration of tungsten, 26%W, were found to be almost the same in the two
environments, although this alloy was remarkably decarburized in PNP-He. Because KSN was mainly
hardened by very fine precipitates of a—W, it was considered that the creep rupture life was little affected

by decarburization.

The alloy SZ was hardly decarburized in PNP-He, showing a good resistance to corrosion.
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Table 1. Chemical compositions of the alloys tested (wt2)
Alloy (o} Ni Cr w Mo Co Al _;l“i Fe B Zr S Si Mn P Nb
R4236 0.046 55.66 18.89 58 3,98 10.65 213 241 0.31 0.0036 0.054 0.004 0.06 — 0002 —
sz 0.04 6L.877 27.65 504 502 — — — —  0.0056 0.017 0.009 0.02 032 0001 —
KSN 0.028 57.79 1588 2583 — - — - - —  0.033 0004 0.005 0.007 0.003 0.42
113MA  0.035 59.085 22.64 17.69 — — - 047 - —  0.032 0003 0.04 — 0005 —
'{able) 2. Impurity contents in He-2 and PNP-He We v bt BERCEE LAY EREIRS - 2%
ppm X :
By <fedd, vk r A NICRRY R L. ¥
H,0 H, CH, co CO, 1y fo, RKOEBEBALZET B0, Fey, FiZ v A
He-2 3 300 4 100 1 <5 ERERMAT e r - ER7 5 v O v IR XY
PNP-He 1.5 500 20 20 1 <5

h He R Eh DAY ORE I B DR DORLD. (it
BA el He PO FHMHC I OTHLVERE X
FB0T, MiHERENRRTNIBEROZTHOE X
BLTZ ) — 7RSS EELZTHC EATHEIA
5.

S EM BT IERT ClL, PRBCREBAMEBIE LT
BRETCHRE I SEHOMEESGSE (R4286%,5Z9,
KSN®, 113 MA®, NSC-19), ~2F e XOHBESE
ThHr ~ATrA4 XR?, f vaxn 617 Lizox,
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WOMEE 4 (R4286, SZ, KSN, 113MA)o¥%, 7
) — TR, SR BEETE A RIET 2 EE O Rl
He oFESHIREY WG LRERYIBRR5.
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Fig. 1. Carbon concentration of the surface layer,
about 1 mm in thickness, of the alloys after creep
rupture testing in He-2 and PNP-He at 1000°C,
as a function of rupture time. For carbon analysis,
the hatched parts shown in the figure were cut
from the gauge portion of the specimen by using
water-cooled high speed cutter.

(a) 3.0kg/mm? in He-2, £,=2221h,
(b) 3.0kg/mm? in PNP-He, t;=820 h.

Photo. 1. Internal oxides formed in R4286 after
creep rupture testing in He-2 and PNP-He at
1 000°C.
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Fig. 2. Parabolic plots of the internal oxidation
depth of R4286 in He-2 and PNP-He at 1000°C.
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Fig. 3. Creep rupture strength of the alloys in
He-2 and PNP-He at 1000°C.
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Fig. 4. Creep curves of R4286 and SZ in He-2
and PNP-He at 1000°C.

Grain boundary carbide
depleted zone

(a) 3.0kg/mm? in He-2, {;=2221h, (b) 3.7kg/mm? in PNP-He, #,=488 h.
Photo. 2. Microstructures of R4286 after creep rupture testing in He-2 and PNP-He at 1 000°C.
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Fig. 5. Characteristic X-ray intensity profiles of
O, Cr, Al and Ti on the cross section of R4286
after creep rupture testing of 488 hand 3.7 kg/
mm? in PNP-He at 1 000°C.
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Fig. 6. Depths of grain boundary carbide depletion,
of Al internal oxidation and of 7' depletion of R4286
after creep rupture testing in He-2 and PNP-He at
1000°C, as a function of rupture time. Volume
fraction of these affected zones is shown in the
right-hand side of ordinate, where the specimen
diameter is assumed to to be 6 mm.
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Photo. 3. Scanning electron micrograph
of the cross section of KSN after creep
rupture testing of 2127 h and 2.3 kg/mm?
in PNP-He at 1000°C. Whitish fine
precipitates in the alloy are a-W, which
are depleted near the alloy surface.
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Fig. 7. Characteristic X-ray intensity profiles of
Cr and W on the cross section KSN after creep
rupture testing of 2127h and 2.3kg/mm? in
PNP-He at 1000°C.
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Fig. 8. Phase diagram of the Ni-Cr-W ternary
alloy at 1000°C, by Kikuchi et all®. The open
circle shows the composition of KSN. As the Cr
concentration decreases due to the formation of
Cr oxide scale, the composition of y phase changes
in the direction of §,—8,—S;. This changes the
alloy phase from y+ a-W to 7y single phase.
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Fig. 9. Depth of a~W depleted zone of KSN after
creep rupture testing in He-2 and PNP-He at A
1000°C, as a function of rupture time.
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(a) 3.0kg/mm? in He-2, £,=1643h,

(b) 3.0kg/mm? in PNP-He, ¢, 979 h.
Photo. 4. Microstructures of 113MA
after creep rupture testing in He-2 and
PNP-He at 1000°C. Precipitates at
the grain boundaries are Cr-W car-
bides, and those in the matrix are a-w.

| SR |

Grain boundary carbide
depleted zone

-

s
(Tt

Photo. 5. Scanning electron micrograph
of the cross section of 113MA after creep
rupture testing of 979 h and 3.0 kg/mm?
in PNP-He at 1000°C. The a-W precipi-
tates in 113MA are found to have larger

o R " size than those in KSN.
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Fig. 10. Depths of grain boundary carbide and }%@%‘5? I(ij{??’&%?ﬁ Bhzpi, « REZRE
a-W depleted zones of 113MA after creep rupture ZRREAEEDLRITV. ZOZ EdB, 1LISMA ©
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1mm

Photo. 6. Fracture surface of SZ after creep rup-
ture testing at 1.9 kg/mm? in PNP-He at 1000°
C, showing a intergranular fracture.
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DHFGOXY, REBEOET LB ERHELHEL, B
mmﬁﬁkl%ﬁ7y9%&@%4%&m60%m;0
TV B AHEM2 B 5.

4. =

T, FESOEMFMTEEEY RIFTRM He
DEBLZR R OWTHRET S, G 2> THRILRTF
NRILY, BWEOZTHL R 5o, £2 He k
PNP-He rhCcoOBMBEGICHEE L 20 8bh s 68 L

5Tl WBE&ENTED LR,

R4286 DBiMiH Ry kﬂﬁ%ﬁ%ﬁ%ﬁﬁﬂ PNP-
He*@mﬁ%ﬁ@%ZIhFP@%?;f%ot.R
4286 12 ' RRAWIT X BT X T B 25,
BRI L 2T ¢' ROKRRIEY O RZBHET B
», BEEMELHETILINLOBIERFOEFENPEL
7e%. f5w, PNP-He fhCit BLRT B 7o DR R R
RZBHETECAE CHEMMMEL B EFER & feoTu
5. R4286 iz Al ORFEIEYHSERTS. = O
L%, Photo. | LA B2 X 5K MIEVWEREY LT
WBDT, FE&EOMEIVIDTLAZ 5y 7DHEBTE
WERIFTEELORD, FEH OB, EHROMEK
BALHH 2 5 5 2 OERERET S L\ S|ENZD
. R4286 oifi#, PNP-He e gl L PEEE LA
# 2 He It kN THIEL SVWEREY LTW5S. Z0H
WERCHOTROE NN 275 o 7 DRI ED L L
YT BH0EIZBIDIC, % 2 He L PNP-He e
BLERBCRE L2 7, 7 OEBYBRE L. £hy
Photo. 7 jz/r3. PNP-He o Frkimrnigid, &£ 2
He thTRRALEHFU TR, 775, 7 DFH S HH
BALHPRER LT 525, TOHIRS 7 PNP-He

Photo. 7. \'Iorpholognes of the surface cracks formed in R4286 after creep rupture testing at

3.7kg/mm? in

(a) He-2 and (b) PNP-He at 1000°C
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OF DR GV, SO End, AREBEHORRE
EEbiK %\~ PNP-He faCi38 2 He it tNT 7 5
FDEBN L V{EEIRTWBEELBRS. vk, R
4286 ODEELERMTIILEEH DI 7 o 7DEFR LT 5 D
MEED LR, Zhit Al OB LS LR T BT
HTHDHEEZ OB,

R4286 i 4 Ui RAREHL 7' O RZBRU Al
DBt O ER B RBA FTHO2AKOPTE
ORED HEE DT B0 ELbTcHie, Fig. 6 ©
L PR OERY 6 mm L Lick DR FHE
HHEEBELY R L. EEOHEEIH TR, BETLg
BEEAR/NT, B IOTEENRL ) EROFEEE
B ED bhic 0T, BEE L TABRGEO
fEZ B\ o, o Fig. 6 R LcAEERE, KL
HERERARBCE L TERFIE D X 5 IeReMEFEY
000 FHEMNPLE O BLY 512 5E:Fxbhb. K
G, PNP-He bt NRARIEHRZEL LD D FHEE
i3 1000bC¢é 60% ke ZOETFI, BESEEHN
KREVID ERHMETS BELYHRIBENDL. —F, 1’
RZBIARRBENTRHFROECKELHREY R
LT eE2 bhah, %2 Hegptd 3000h T
20% SEERRTOT, REHERBROGECI ERL
Birl b tELbRS.

KSN ofiii#Hai:, PNP-HepTE LR T 31T
bbb, o0 HehTRIFHEL 2. T h
13, KSN o7 ) — FHEEEEN £& LT a-W Offih
Mmibe r HOBBRILIC I 2o TCWaled b EL b s,
WL TEYDREC LS E, KSN O Ciztiti+
LR MG LHEEI RS, MC k7 ) — 7K
RN ERE SR T WA DT, KSN 3R
LTCAFMGIMEL I biehdlcdbDEEL bhb.

113 MA ORiliEmIz, R4286 0PI ED KEL
feuhd, PNP-He s HHE 2 He At le-TC{&H2
2. IIBMA RrfoOBEBEBRALTINL T a-W
MG 1T X % FTHIBRIEA B I N TIs D, MuCe 1227 )
— MR O R LB SEY BT A LG X
ATV 51, PNP-He dhTizliifRic LoC Bahiciik
RFTH5B MulCe DRFRLYD H 5 BEEREHICK
Z Uik, 2 He hit kR THERIPEL o2 db D
EEZ bhA, Bk Lic KSN OBMEaE s a-W Df
Wik vy HoREBRHbc I >Tw 5 o L, 113
MA Tt MgGs b IEBEREIC F5 LT 2ic iR
TEHLERMELRDZIDLEELZDRS.

H3MA A U AR L a-W DRZEH L
LEEERY Fig. 10 oFfoftihicmLic. O HE

4, Fig. 6 WiRL7- R4286 B4 L RABRCRARBRAFE
FHOBERY 6mm L L. a-W RZBOHD 5 FK
it 2000h T} S BETHS. Larl, BRI AF
OB ST R ERIC I TEH IR S DT, &
BRITIE a-W RZBOBEBFa~DOFELE/ER TS/
S BEEEM D EL BRhB. a-W KRZEI Cr ofb |
s Cr REZBARK X OTHEBEMCAE LSBT, M
Bt b St b EERRBE LA 5.

L AT, 113MA L R4286 135 2 He hCiRBRT
%75, Photo. 2(a) RO 4(a) 2bHbhb L 5CEE
EEAEBECRNARILHRZBHELI. BRTHT M
nhLFRIRZBHELLERE LT, BRVEE
ORI b F OBIRRSEE Bicd, HBEWIRERR
11T B RELEIEE b R B b RICHHAREE &
5 0 B L CARBOR R BT 5 fesd s & O] HEM:
NBF RS, Lrl, TOREHREZEBERDOERX
BAEDOLZAELM TV, 7ok, BER &L R
R BB, BERRRENASREN LS DEERE
NI E TS FA Alloy 800 oW TiHEF ST
W18,

SZ 13, MifAEMcEN PNP-He fTdizs A LR
Liehote. ARG 2.3 kg/mm? o BHEIL, 52
He rhTh7e b OBRRT 50 HEFH a3 PNP-He
LIFE Lot i 1.9 kg/mm? DFE ORBEE
1385 2 He, PNP-He 5L 33 L2k, TDX5
W, SZ BRRELEL WECBRLTHAFEMIEEAL
% 63, W He hCHiHHG~ OFRILRICIZEE
7R bl D,

5. & 51

BOECHEBEINC 4 BHEOREF IREA Ni HiH#
L& oWT, BHABRRCE F A1 Y oER» AFE BN
~9 » ADE 2 He KX PNP-He b 1000°C i3
W57y — THEEEEERAN, LT O &R % k.

(1) WHHOKRFRE R, &&&Lb PNP-He
DFHE 2 He iz lEXT{5 <, PNP-He §oCit £4&
&L HBR L. R4286 Ao LA Al oRFER LS
O EEE T PNP-He b 15582 He thX v ok
Ehot. ThBHDFERMS, 1000°0C iy PNP-He
DFHEE 2 He LT R S ERIEHE SV 2 L2V
ot

(2) R4286 » PNP-He shoRikiEais, & 2 He
*@%%~@@n;lumsaéﬁiﬁﬁ%mm,%
BRI IoT 7' RSB, Al OFNREELY, RRREY
RZBHAELU . PNP-He shTHHAEL D XK
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B, BRT B ek R RICR ZEDIATEEICE Cc
ZEThB.

(3) KSN 3 PNP-He $rTHLLHRT B b
i b3, PNP-He ho@ilfiFait 2 He p iz
BLAof. KSN ofilEigiiE s LT a-W o
CEb &y HOBEBWIEIL I oT B, BRLTLHE
GIEL kbbb D EEL RS,

(4) 113MA ofiliE&Y, PNP-He chp A &2
He X9 H{EH2%. Zhid, PNP-He fpCHiRS
HichEEL GRS, IIBMA L) KSN LEE a-
W 2Rl L. L L, H3MA X MyGCs i@ k0T
bk I T b, BRT 3 EHFGIUEL XBLD
LEZLRS.

(5) SZ pitAKwcfsih PNP-He THIZEA L
BifR Lishotc. T Dicd, T He PCHEiFMm~DR
FASAHRCITEE e LRD bR igh ok,

Ao, BMEBTERHRAE 7 r =7+ &R
RICH AFIBC X 5 EENSERN OV o—BE
LTfTbhhicbDThHD. R4286 & 113MA oRBK
LB IEE (BK), KSN ik (#F) PR, SZ 3 EX
SBITHEWER X v RStz i, AROETEY
b, BEELOARIGH He fillis & 0BG EE
FhBlgkE A, BEURNAEEY —F v 7/
N— T DEBERLEOHEBE L IEWTED LR
7o, BRAMCHEEOMELEL T BRLFHE W
AR Y S e T i T U
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