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Effect of Si on Decarburization and Carburization of
Heat-resisting Austenitic Steels in an Impure Helium

Yoshikazu SAKAL

Synopsis:

Tatsuhiko TANABE,

Tadashi SUZUKI and Heitaro YOSHIDA

The influence of Si on the decarburization and carburization of heat-resisting austenitic alloys were
investigated in the temperature range from 800 to 1 000°C in an impure helium atmosphere. This atmo-

sphere simulates the primaly coolant of high temperature gas cooled reacter.

The results were as

follows. The alloys with 0.5~0.6 wt%, Si were heavily carburized or decarburized above 900°C depending
on the temperatures tested, while the carburization and decarburization of the alloy with 3.4 wt% Si were

negligible small in the tested temperature range.

In the alloy with high Si content, the carburization or

decarburization was suppressed, because a thin SiO, film, having a strong corrosion— resistant properties,

might be formed beneath the surface-layer of (Mn, Cr) oxide.

oxide layers on cooling.
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Table 1. Chemical composition of alloys. (wt%;)

(o} Si Mn Ni Cr Mo Ti Al | Fe

F-1]0.063( 0.59 {0.98 | 8.69 | 18.00| 0.04 | — — | Bal
F-2| 0.061] 0.55 | 0.94 }31.27 [ 20.76 0.03 {0.43 | — |Bal
F-3(0.049| 3.38 1 0.48 |13.13 | 18.84| 0.07 | — — | Bal

BB 57 £9 BALSEE AL TRE WM 59 £ 10 B 30 B4 (Received Oct. 30,

1984)

* SRHBEMTEFRAE LT (Tsukuba Laboratories, National Research Institute for Metals, 1-2-1
Sengen Sakuramura Niihari-gun Ibaraki pref. 305)
*2 LRHBEMAFERAKEEN T8 (Tsukuba Laboratories, National Research Institute for Metals)
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Table 2. Impurity levels of helium environment. (ppm)

H,0 H, CO, CO CH, (2% N,.

3 300 1 100 4 N. D* <5

*N. D.: Not Detected
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Fig. 1. Stripping method of oxide scale.
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Fig. 2. Position of the samples for carbon
analysis.
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Fig. 3. Temperature dependence of change in
carbon concentration at the depth of lmm from
surface of alloys corroded for 500 h in He-2.
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Fig. 4. Carbon concentration profiles of alloy
F-1 corroded for 500 h in He-2.
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Fig. 5. Carbon concentration profiles of alloy
F-2 corroded for 500 h in He-2.
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Fig. 6. Carbon concentration profiles of alloy
F-3 corroded for 500 h in He-2.
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(a) F-1, 900°C
(d) F-1, 1000°C
Scanning electron micrographs of the outer surface of oxide scales formed
on alloys corroded for 500h in He-2.
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(e) F-2, 1000°C

(f) F-3, 1000°C
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Fig. 7. Schematic representation of the corrosion
products in alloys after exposure to He-2 for 500 h
at 900°C.
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(a) F-1, 900°C (b) F-2, 900°C (c) F 3, 900°C

(d) F-1, 1000°C (e) F-2, 1000°C ({f) F-3, 1000°C
Photo. 2. Scanning clectron micrographs of the inner surface of oxide scales
formed on alloys corroded for 500h in He-2.

Table 3. Chemical composition of oxide scales, Table 4. Chemical composition of the inner sur-
analyzed by EDAX from the outer surface corro- face corroded for 500h in He-2 of oxide scales,
ded for 500 h He-2. (at %) analyzed by EDAX. (at %)
(a) 900°C (a) 900°C
Si Mn Cr Ni Fe Ti Si Mn Cr Ni Fe Ti
F-1 | 0.52 28,55 63.75 0.44 6.74 F-1 5.26 13,65 68. 18 1.04 11. 84
F-2 0.0 27.19 68, 88 0.29 1.64 2.02 F-2 1.61 3.14 83.77 1.77 4.72 5.0
F-3 0.32 21. 06 72.70 0.55 5.37 F-3 8. 94 9.18 8171 0.0 0.17
(b) 1000°C (b) 1000°C
Si Mn Cr Ni- Fe Ti Si Mn Cr Ni Fe Ti
F-1| 7.4 27,53 60. 43 0.25 4.35 F-1 9.3 19.12 60. 58 0.91 10. 08
F-2 | 0.03 27. 82 68. 98 0.23 1.12 1.86 F-2 1. 61 6.25 74.71 5.47 8.77 3.18
F-3 0.64 27.70 67.79 0.38 3,51 F-3 18.81 12.27 65. 66 0.31 2.9

KeEBRIEEERDOESTEOEIE S EDAX #H % 100% & LCHEL, BARREMAE EmM X v EL
W, BAREEAROEERM, SESH 2T ok, BE 4 Si officiEH L. &R% Table 3, 4 wid. &
COWTRAERELR D TR E T h 584 TE  AXREMU»SOLH (Table 3) Tk, Mn, Cr BR{tH
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(a) F-1, S.E.
(d) F-1, Si Kq

(b) F-2, S.E.
(e) F-2, Si Kq

(c) F-3, S.E.
(f) F-3, Si Kq

Photo. 3. Characteristic X-ray images of cross-section of alloys corroded

for 500h in He-2 at 900°C.

(a) S.E.

HERSETHRABRLEEF~D Si ORBIEEE
T I B b ok, 1000°C & o F-1
BELEEWTEMINS BT o Si 0L, SioR
MEE(LB (Fig. 7, &% Photo. 3 (d)) 5o SiK, X
BOKXERCLIBEEZBND., —F, KFEEmHA»SD
43#7 (Table 4) TIXWTFROASITE T H B Si
DE|FENRDbID. F-1, F-2 £4 T3, 0 Si o
EEAL B IR I C DML, REE o EPMA 587 C
bl Si ONFBIEBOARCHIE LTS LR

(b) Si Ka
Photo. 4. Characteristic X-ray images of the inner surface of oxide scales formed
on alloy F-3 corroded for 500h in He-2 at 1000°C.

bhb, F-3 & THAIh S REEHHTO Si D
M ERCEETHD. i Lanko X 5 3Rk o
EPMA S8 T4 BB Ehkhok., A —RFF4
F R EGEI S1 AWM LCBE, & SiRmTix Sio
MR LD BRI X s\ & W 3 G B B, EPMA
SRR LI r — 7 EFHEORL ~1pm THB
ExEZDE, CORBKERE~D Si ORHEE 1 #m L)
ToORBCHECERTELTWBEELBRS. ¥,
Photo. 4 i THEEF O EPMA ®EoH» b, Sik
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(a) F-1
Photo. 5. Scanning electron micrographs of surface of oxide scales formed on

(b) F-3

alloys corroded for 500h in He-2 at 850°C.
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CRERIEEIE LT 575 Th%. Photo. 5 i
B THD F-1 8 X0 F-3 & 0RAEFELEIE O #8
RERT. F-1, F-2 &L B HRCHBEIETRD
bhan, TOHELHIREETHE, F-34680
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4. E ®
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m3sé, BRCETAHBIAE AALTS Z &1 XL
HBERTWBA, 20 Si %R L LTiIx— kD
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LCE&BA F v N FHIEE L BERO NIE % BF 1k 3

A 12)13) .

3 T l I
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2 aF-2 —]
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hé /\
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Fig. 8. Weight change as a function of
corrosion temperatures.
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RECFhFh TR E LTI, —5 F-3
£4TI1EEE MnCr,0,, Cr,0, FiEL 4 Rm ic ~1
pm T OHST, ighE—c Si0, BA4EK L Tuw

— 120 —



T~V 7 2FICKDAF —AF 54 P BZHEROBR L JOBKREBCK XITT S oFE 1389

LEEZLRB.

Doucrass® Hiz X5 & Ni-20Cr &4~ Si oF
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WIESREBRLY L S REC—BER L Tws & B
bhb. 20 Si0, OWWER, BFHERE ALK TE
5, B BRRIGCK LEEEE e, Fig. 6 omd
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HET LWL XD, R~ v AT O R K O
MBALEAE LA LTS 2 L2 S Lo,
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DS Ni BE GV LB EELLRS.

e, B BREORZRBEOEI HROELND,
F—RE TOREOIFHEE L F-2 &F 0N F-1
AP IVEBGEHEEINS. ¥, Si NEELEN
F-18&CR F-2 58X v BCAIcELBZ &S, F-1
BEFTOL YV EVEBREOLREETRE LTS5, kD
T, F-2 4 Xh Fe BESAEL NI BELEL
F-1 9T, BE KRt EORARRT OILEE
2 F-2 £&F0ThIhENI ERTRBLTNWS,

5. # B

HTGR Ffl~Y 7 4, 800~1000°C oEELH
T, A—RATFT A F ZRHBESMORFERBR T, T O -
BIREB 2B L2 & D 3 TR, BIENTER
Si O EEENCER LTl LERKD X 5 itk
il Tiobb, AMRTMERLL RBRERE T,
Si % 0.5~0.6wt% &%y F-1, F-2 5411 BES O
OREGEBELEBRESFTOREBRRLDECHIELT,
900°C LA ETHMUVEES B VB REZTS. —F,
F-3 &£ T3, 800~1000°C pREEHHETOR - BR
ER LEBAREE L Ueot. Zhit, F-3&%
iz 3.4wtyh EFhd SiA, FE Mn, Cr BLE
JEE T B i #\ - SiO, RIERAR L, Zhasdp
B RAFE oD EEL RS, L, —HZOEW
Si0, FfEIzREIRRFC, RME Mn, Cr b p 52 HIBE S
FTLE .

Kb iR, APRICE L TR E#ER, HB
0 ¥ LR AR RS, WERSEL b0
EPMA 1 X 30l W e W e AR BIC
WREBOELERLET.

X [

1) srgm, HOEE, HA L HFEHPFRE: &
&, 69 (1983), p. 1006

2) T. Hirano, M. Oxapa, H. Araki, T. NoDA,
H.YosHIDA and R. WATANABE: Metall.
Trans., 12A (1981), p. 451

3) T. Hirano, H. ArAKI and H. YosHIDA: ]J.
Nucl. Mat., 97 (1981), p. 272

4) fTRmE, BAERE, HNME: LM, 65
(1979), p. 994

S5) HimEHE, ABET FEWHRLBMHHZASH
HeE, 20 (1979) 3, p. 313

6) R. H. Kane: Corrosion, 37 (1981), p. 187

7) R#F OE, FENE: BALE¥RE, 40
(1976), p. 32

8) MEEE, HANH: LM 63 (1977), p. 688

9) J. M. Francis: JISI, 204 (1966), p. 910

10) H. J. YEARr1AN, H. E, Boren, Jr. and R. E.
Warr: Corrosion, 12 (1956), p. 561t

11) J. E. RapavicH: Corrosion, 15 (1959), p.
613 t

12) D. CapLaN and M. CoHeN: J. Met., 4(1952),
p- 1057

13) F il pfr, MHERE: AAXEB¥RE 351971,
p- 358

14) D. L. Doucrass and J. S. Armyjo: Oxid.
Met., 2 (1970) 2, p. 207

15) fEIIE#, FUBIT: BALB¥E S, 24(1960),
p. 541

16) w3tk Mn, WEHH, HIEE, SR E: &
|, 71 (1985), p. 1375

17) Y. Sakai, T. SHikAMA and M. OkApa: Trans.
ISIJ, 25 (1985), B28

— 121 —



