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Optimization in Si Content of Hastelloy XR for Oxidation Resistance and Oxide
Film Adherence During Oxidation in VHTR Helium.

Masami SHINDO and Tatsuo KONDO
Division of Nuclear Fuel Research,Tokai Research Establishment,JAERI

(Received April 3 , 1980)

Oxidation behavior of several heats of modified Hastelloy alloy X , named
Hastelloy XR, with different Si contents was examined in isothermal, thermal
cycling exposure tests. The test environment was flowing helium at 1000°C
containing controlled amounts of impurities simulating the Very High Temperature
gas-cooled Reactor (VHTR) coolant.

Tests were made to determine an optimization rang of Si content for obtaining
higher resistance to the oxidation and less oxide spallation in the service
environment.

Up to 1% content, increase of the Si caused decrease of the oxidation rate,
while the oxide spallation in thermal cycling was a minimum in the rang of about
0.2 to 0.4% Si. These two could he explained in formation and morphology of the
5102 phase in the oxide and metal interface by metallograhic observation and
analysis.

Keywords : Hastelloy X, Hastelloy XR, VHTR Reactor, Isothermal Oxidation,Thermal
Cycling Oxidation, Helium, Oxidation Kinetics, Oxide Spallation,
Oxidation Resistance, Silicon Content, Optimization.
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Table 1 Chemical composition of the specimen materials.(wt%)
Si Mn
Heat-P 0.03 1.09
Heat-Q 0.10 1.07
Heat-R 0.23 1.14
Heat-S 0.43 1.10
Heat-T 0.66 1.07
Heat-U 0.86 1.08
Heat-V 1.02 1.22
Basal Comositions (wt?)

C:0.07.Cr:21.3,C0:0.6,M0:8.9,W:0.5,
Fe:18.6,Ni:Bal.,A1:¢0.02,Ti:<0.02

Table 2 Analysis of the actual impurity levels in the test environment
during the test period. (uatm)

H2 H20 co 602 CH4
200 - 210 0.8 -1.2 100 - 110 2 -3 5-6
LI ™ + T L T 1 L
[<=250hr >
1000— —
800 ]
<
|.—
oo i
(=
200H- —
0 [ B | « | 1 | ] ] ) | 1 |
0 1 70 1 2 3 L
TIME ,hr
Fig. 1 Heating and cooling rate curves for a single cycle.



JAERI-M 8835

witd

mw_xo 3y3 yjleauuapun auoz pajaldep-4)
40 UOLJBWIAOS UO JUBIUOD LS 4O 309443 ¢ °Bly

i ol

80

90

% " NOIWWYLNIONOJ 'S

70 Z0 0

f—

| |

J400S

44000 @,

N

90001

I

I

| |

0

0c

07

o o (@]
@ ®©® ©
wrf * INOZ 313430 42

o
N

o
3

oSl

08l

00¢

0Z¢

‘Wl L} SPLXO dY} Y3eIUUPU

n pauJos

3uo0z paja|dap-49 40 Y3dap 3yl U0 JUSIUOD LS JO 3D3443

wri"3903 WO IONVLSI

0S

2 b1y

oﬁ_um OM_N om_um om_, om_‘

(1S%E00)

d-weHq 2

I

(1IS%Z01)
A-1D3H

J4000€E

—

Ayisuajul anoRJ NOLVEINIONOD 49




JAERI-M 8835

*3uld3u0d 1§
40 UOL1ouUNny e se pauLe3qo auoz pajya|dap-4)
40 Ymoub 9y3 404 JuejSu0d 3jed oLjogqeaed G “HL4

% "NOILWYLNIONOD IS
¢l Ol 80 90 70 <0 oo
_ | _ _ ]

1 | [ | |

1 | | | 1

92 @ @O < o
1y /,wrl ' INVISNOD 3Lvd 21708vdvd

|
|
N

[
O
o
o
=
l
e

*awt} asnsodxs 40
uoL3ouny e se auoz pajaldap-4) J0 ydsg ¢ 64

4 INIL

T
|
™
,0P,wrf “ g3¥vN0S INOZ §3137d30 0

oomm

OJON owoe 0

T

1

|
~

d-103H 20001




JAERI-M 8835

, *BuL 24D |ewudyl J3pun
JU9UO0D LS PALJBA YILM Suauidads a3yl 3o abueys JybLam [ 614

- (€20)Y

44 INWIL
000S 0007 000€E 0002 000l -0
| ' I T | T T T T T G-
(990)L
- lo\l
— IM]
(€00)d
[ (980N

(€701S
/
('IS%L0) 0 e
JooH

—
1

(@)
S
Q
P
]
<
AW/6W  NIVD LHOIIM

o

*1Ud3U0d LS pue wlls SPLXO
40 dduauaype Y] usamlaq drysuolle|sy 9 614

% NOILVHLNIONOD 1S
4" Ol g0 90 70 <O 0

| | | O @
o\

1 O )

(@)

!
]
|
o
~

I [
O
| 1
@) )
O N
(V3HV 30V4HNS LINN/ V3HV QTIVES) % O1LvE ONITIVES

4000l ©
— HOOS

] I | 1 1

o
Q




JAERI-M 8835

(15%98°0)N-382H (9)(LS%EP 0)S-3edH ()€ (LS%L 0)D-1e3H (®) "4y Q00E 404 dunsodxd 4d3je 3yy 4O Suoijuod
90vJ4NS Jeau 3yl 40 sabewl Aed-¥ O13SL4930RURYD HBULPUCASSBUUO0D Y3 pue SMALA |RUOLJIISS SSOUD 3yl | °030Yyd

(2) (a) (®)

OH-19 ©H-1S

JOVII NOILISONOD
o o




JAERI-M 8835

*dy 000 404 dunsodxa uslje
JUa3U0d LS paLJ4RA Y3 LM suawLrdads 3yl josydeuaboudel ¢ -o30yd

(COUA-1OH

(980)N-{oH (950} 1-1D°H

EEmﬁ

(€70)S-10H (€2 0)d-1P=H (0L0)O-108H (IS%E00)d-1oaH

4y 000L 404
a4nsodxa ud3je (LS%EH 0)S=-1eSH U0
paWJ40l WL} dPLXO JO UOLIIIS
SSO04D 9yl ybnouyl up pue 49

‘LS JO S9|Ltjoud UOLIRAJUIDUOY Z °"020Ud

—-13-—




JAERI-M 8835

°

4y 000l 404 8unsodxe 481je A-1edH pue
d-1e9H Ul uorlejleds SpLXO JO edde dYl 40
30ejuns ay3z jo sabewt Aed-¥ OL3Si4dldedey) g

PH-1S

PH-IN

St

(IS%Z0LIA-1DSH

*030U(

Wi i

(1IS%E00Id-1PeH

*4Y 000L 404
suawloads ayz Jo Aydeuabodol

pasodxa
a0ejuang p ‘0310yd
s (E70)S-1PoH

(£2.0)4-103H




