JAERI-M
9948

LA XL B ) 7 S B B U 5
i+ — z7+4bﬁm%A%@@maﬁm
I EAEILORE

B ®* B F Hh & ®
Japan Atomic Energy Research Institute



LT

JAERIM L £— bid, BAREFAMEFATESZSTL TOIHRREETT.
AFOMA b, BAET RN RIS REERERR (T 11 5R IR
MR BT, BELILLZE v, Gk, JoE» I BEEARTI LIRS TR 5 —
(319 11 ok BB B EL AL B AR T A5 ) TG L B ERWA LB I 05T
BT,

JAERLI-M reports are issued irregularly.
Inguiries about availability of the reports should be addressed to information Section, Division
of Technical Information, Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun,

Ibaraki-ken 319-11, Japan.

@_.Japan Atomic Energy Research Institute, 1982
EEFFRELT = - O O D T
El 5] PTG S S




JAERI-M 9948

S ZENEAY O LB BT B4 -2 7+ 4 P RITA
&40t L BRI RIETREGEINIOEE

B AT AR SR BT MR T
MR 2T I ED

(1982% 1 f20 H32ZE)

FR DM £ AHEBEEM B4 v A E R Y s 0 MEER EORERENTART 5
CEicHB LT, ~R T oA—XAEDI00~1000CORF~ I v iz B SRAEIMICKID
4 HZEEEMIOEEARE L, —BISENLL OBt L EL NS & L A M
%R0, AFROEHETRY 2 » PIITIR L > THORAMLESZ 5 LRILBLVRKEE
LeidEd 32 E5EH L L0MTOREDLREG Y I 4 v 7 ik BEREL EDBSIC
HHEES HEE TR, LA VETHE L b0 tEEEORILER LA, LAL, BLT
= FAREE L id 900 ~ 1000 CO HTGR IEBO R~ Y » abicB O TABEEOEI L BN,
Bl BREEET 5, 1000 Ciks W TRMEKOME DI ETTHEE L o8B o RE ]
BELod (5,

EEARIITIC L - TRLSBSEE ST ER &L T 9 LDRA~OLBBFESILILE
B THELLERLCHLRT SN, AEROES, REAMNTICL » TREASHANLE
Do PR RS - TEL, BRERELZED LML 7o

#) A EARLE (BRREHRARL



JAERI-M 9948

Effect of Mechanical Surface Treatment on Oxidation and Carburization
of Some Austenitic Heat Resisting Alloys in the Simulated HTGR Helium
Environment.

Manabu TAMURA and Tatsuo KONDO
Division of Nuclear Fuel Research, Tokai Research Establishment,JAERI

(Received January 20, 1982)

Influence of mechanical surface finishing on corrosion was studied
with some austenitic heat resisting alloys exposed to the simulated HTGR
helium environment. The exposure tests were made at 900 and 1000°C for
500 and 1500h. Contrary to the prediction based on the trend of some
conventional experimental results on the oxidation of cold worked
material at comparatively low temperatures, severe cold working,e.qg.
shot-blasting, was found to accelerate oxidation and carburization.
Although, in some cases, moderate surface grinding showed results almost
comparable to the surface abraded with fine emery papers, most mechanical
surface finishing were recognized as to promote oxidation and carburiza-
tion at 900 and 1000°C in the simulated HTGR helium. The oxide film
formed on the ground or shot-blasted specimen tended to spall more easily
during cooling after isothermal exposure at 1000°C.

Based on the metallographic observation mechanisms of the accelera-
tion of oxidation and carburization was discussed. The syrface cold
work was considered to cause not only enhanced chromium diffusion to the
surface but also considerable degree of inhomogeneity of the degree of
working in the microscopic scale, resulting in rather rapid oxide build-
up and spallation. Some of the surface finishing in practice with severe
cold working, thus, were concluded to be harmful to the integrity of
HTGR structural components.

Keywords: Oxidation, Carburization, Spallation, Helium Corrosion, HTGR
Hastelloy-X, Shot Blasting, Surface Finishing, Grinding

*  0On leave from Nippon Kokan K.K.
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Chemical composition of specimens.{wt%}

Material C 51 Mn P S cr Mo W fe Hi N Co Al
Hastelloy-X 0.07 0.0 90.91 0.001 0.003 20.86 9.18 (.67 16,69 bal 0.019 0.99 0.098
Alloy A-4 0.058 0.38 1.10 0.00) 0.015 18.26 10.10 - 26.65  bal - - 0.015
Steel B-1 0.066 0.20 p.08 0.005 0.012 12.72 5.22 - bal 10.60 - - -
Hastelloy-XR [ 0.07 O.jl 0.94 0.005 0.005 21.67 8.97 0.49 18.31 bal 0.006 <0.05 <0.05

Table 2

Preparation of specimens.

Material

Symbo?

Conditions

Hastelloy-X
AlToy A-4

Steel B-1

A (Polished)

B (Ground)
C (Shot-blasted)

D {Shot-SR}

1180°C solution treatment and
Shaper machined (max. roughness:6um)

1200 grit emery paper finished
Surface ground (max. roughness:¥.5um)

0.5mm¢ alumina shot blasted and
pickled in HNO,~HF solution

Stress relieved in Ar at 1050°C and
descaling in fused salt

E  {(Machined)

F (Ground}

6 {Ground-SR}

1180°C solution treatment and
fraise machined (max. roughness:6um)

Surface ground (max. roughness:1.5ym)

Stress relieved in vacuum at 1050°C

Hastelloy-XR

H (Polished)

I (20%CW)
J (40%CW)
K {60%CW)
L (70%CHW)

Cold rolled to 3.3mm in thickness and
solution treated at 1180°C

L 429 clod rolled and 1180°C solution treated
and 1200 grit emery paper finished

j— 20% cotd rolled {Z.Gmmt)
423 cold rolled (1.9mm")
L 61% cold rolled (1.3m')

- 704 cotd rolled {1.0mm")
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Table 3 Impurity levels in type B heljum (uatm)
H, CHy co C0, H,Q
Inlet 200 - 203 4.9 g2 - 93 2 -3 0.8 - 1.2
Qutlet 204 - 206 4.4 - 4.5 92 - 95 2 - 3. 0.9-~1.1
0,: below detectable limit.

Table 4 Oxfdation and carburization behaviour at 900°C for 500k in type B
) helfum of surface finished material, AYloy A-4 and Steel 8-1.
Material Finish Weight gain Cr depleted zone | Mass of carbon increase
? 2
{mg/cm®) {ym} {mg/cm™ )
Potished 0.849 19 0.09
Altoy A-4 Shot-blasted 1.108 60 0.368
Shot and SR 0.867 63 G.324
Pclished 0.378 27 0.051
Steel B-1 Shot-blasted 1.043 54 0.280
Shot and SR 0.564 38 0.157




Table 5
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Mass of carbon ingrease of Hastelloy-X after

the exposure in type 8 helium. (mg/cmz)

1000 °C

Conditions a00 °C
Finishes 500h 1500h 500h 1500h
Polished 0.225 0.284 0.176 G6.149
Ground 0.231 0.252 0.113 0.170
Shot-blasted 0.360 0.415 0.144 0.304
Shot and SR 0.22% - 0.175 -

Table & Results of X-ray diffraction analysis of the corrosion films
on the surface finished Hastelloy-X after exposure at 1000°C
for 500h in type 8 helium.(Cu Ka Tine at 40kV 50mA)
No.l Polished Ground Shot-blasted Cr203 MnCrZO4 Matrix Unknoun
d(r) 11, | dA) LI | dA) 1

T o3.01 33 2.99 36 2.98 30 {220)

2 2.667 1% X
31 2.571 100 2.8%6 100 2.549 75 (311)

41 Z2.488 10 2.481 5 (110}

5] 2.449 10 2.447 5 X
6 2.132 30 2.127 33 z.127 25 {400}

71 2.076 23 2.077 8% 2.075 106 {111)

81 2.027 12 2.034 4 2.03¢ 17 X
3 1.957 15 X
10 1.814 ¢ (024)

11 1.797 15 1.794 40 1.800 50 (200)

12 1.737 17 1.731 1 1.731 15 (a22)

13 1.877 22 1.672 9 1.672 23 {176}

14| 1.837 40 1.635 40 1.831 33 (511)

15 1.603 3% %
16| 1.506 48 1.501 42 1.497 45 (440}

17 1.469 3 1.466 10 {214}

18| 1.435 13 1.437 6 1.433 20 (300)

19| 1.297 17 1.293 g 1.301 15 (10710}

20 1.287 10 X
21 1.272 17 1.271 42 1.273 60 (220)

22 1.240 38 (220}
23 1.225 7 1.222 5 X
24| 1.138 7 1.136 5 (134)

25 1.167 19 1.108 6 (226)

261 1.085 23 1.085 50 1.085 355 (311)
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HASTELLOY-X 1180C ST

A o #1200 emery paper polishirg

= B 1 Max.6x shaper machining and max. 1.5z
o™ grinding
g 500_ C 2 B+ alumina shot blasting and pickling |
- D a C+1050°C SR in Ar and descaling

> ‘2} in fused saft
=

400 :
7]
]
@
=
=
= 300 1
i
=
.= 200 1 Fig.1 Hardness profile
= on the cross section of

mechanically surface-
finished HasteTlloy-X.

%42 04 06 08 10
Distance from surface (mn)

2-0 «

Hastelloy - X Type B He
E 1.5} f
N
-1}
E
c 1.0}
o
()]
B 05+
§ :

8 S

oL N -

[ §00°C 500h
- 900°C 150C h
2 450l $000°C 500 h
@ = 1000°C 1500 h
= 100t Fig.2 Depth of Cr depleted
% zone and weight gain of
a mechanically surface-
o 50r finished Hastelloy-X after
& exposure in type-B helium.

0 B B
Polished Ground Shot Shot
blasted and SR
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Hastelloy -X Air

900°C, 500h
1000°C, 200h
1000°C, 500h

Polished Ground _ Shot blasted

N
Q

15

10t

CJ 900°C,500h
1000°C,500h

He-b

0
Polished Ground Shot

blasted

Shot
_and SR

Fig.3 Depth of Cr depleted
zone and weight gain of
machanically surface-
finished Hastelloy-X after
exposure in air.

Fig.4 Thickness of oxide
films of machanically
surface finished
Hastelloy-X. Ranges
from min. to max. value
are shown in the figure.
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§ Hastelloy-XR Type-B He

:",,' ——e 900°C 500h

S a——a 900°C 1500 h

5 o—o 1000°C 500 h

C

C 0'1

(o]

-

it

. 0.05r

[«]

4]

vy

s 0f

; :>>oé2

\:m 1.0

E

£

S 0.5t W

=

9 D L 1 n 1 .

é’ 0 20 40 60 80
Reduction of thickness (%)

Fig.5 Weight gain and mass of carbon increase

of Hastelloy-XR as a function of reduction
of thickness by cold rolling.

(e ]
L8
1

Hastelloy-XR Type-B He
900°C 500h

01

-

nmnins

0 L
Polished Machined Ground Ground& SR

L]

-
(=]

o
3,

Weight gain{mgar)Mass of carbon increase ( mg/r)

Fig.6 Weight gain and mass of carbon increase of
machanically surface-finished Hastelloy-XR
after exposure in type B helium.
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He-b Hastelloy-X

40F 3 900°C 200h
=3 900°C 500 h
5ol EZ1000°C 200 h

1000°C 500 h

(u)

2071 -

10
Air
L0t = 1

30r

207 Befor

test
1Cr

Max. roughness of oxide-metal interface

0 poiiched Ground  Shot  Shot
blasted and SR

Fig.7 Maximum roughness of oxide-metal interface
of mechanically surface-finished Hastelloy-X
after exposure in type-B helium and in air.

o Film Errfgdght)egr Exfoliated Non-exfoliated
plece Folished(metal) | (smooth) (whisker)

Cr 727777774 V77777772
Polished b -

Fe i

Ni ]

Cr 7 VLTI, Vs
Ground M

Fe 5 =

Ni ) ]

0 20 40 60 80 O 20 40 60 80 0 20 40 60 80 100

Fig.8 Results of surface composition analysis by using

XMA of the oxide films after exposure at 1000°C
for 500h in type-B helium. (arbitrary unit)
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1

Cr AXCr

a) Polished b) Shot blasted

Fig.9 Schematic interpretation for the accelerated
oxidation behaviour of the shot blasted specimen.
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Cross sectional views of the near surfaces

Photo. 1

-% after stress
Surface

min.
a) ground and b) shot blasted.

t 1050°C for 30

of surface-finished Hastelloy

1o}

o O
o=
—
>
@@ v
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— =
Q) r=
Y
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Photo. 2
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Microstructures of Hastelloy-XR
a) solution treated and b-e) cold rolled and
subsequently stress relieved at 1050°C for 30 min.
Reduction of thickness and Vickers hardness values
before stress relieving are a) 0% - Hv=192 b) 20%
- Hv=222 c) 42% - Hv=382 d) 61% - Hv=410 and e)
70% - Hv=420 respectively.
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Shot blasted” -

Photo. 3 Surface SEM images of Hastelloy-X after exposures at
900°C and 1000°C for 500 h in type B helium.

Photo.4  Surface SEM images on the spalled portion of the
ground specimen of Hastelloy-X after exposure at
1000°C for 500 h in type B helium.

-~
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Photo. 5 A surface SEM image on the spalled
portion of the shot blasted specimen
of Hastelloy-X after exposure at 1000°C
for 500h in air.
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Photo. 6 The cross sectional views of the near surface
portion of the polished, ground and shot-blasted
specimen after exposure at 1000°C for 500 h in

- type B helium. The thickness of oxide film on
the shot-blasted specimen is non-uniform and,
moreover, the metal-oxide interface become to be
more complicated than that of the before test.
(See Photo 1)
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. Cﬁmﬁ

Photo.7

Photo. 8

: s _ TR
. Mo K : Cr K

Cross sectional composition-images and the corresponding
characteristic X-ray images of the near surface portions
of polished specimens after an exposure at 1000°C for 500h

in type B helfum. Hastelloy-X (upper} and Hastelloy-XR
(lower) were faced to each other.

Er

A cross sectional composition-images and the
corresponding characteristic X-ray images of the near
surface portion of the shot-blasted Hastelloy-X after
an exposure at 1000°C for 500h in type B helium.
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Photo, 8 Cross sectional views of mechanically

at 1000°C for 500 h in type B helium.
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Photo. 10 Cross sectional views of mechanically surface-

finished Hastelloy-X after an exposure at 800°C for
500 h in type B helium.
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