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Effects of Rare Earth Elements and Calcium upon High Temperature
Oxidation of Austenitic Stainless Steel Containing High Silicon

Shozo Tizumi, Masayuki KiNUGASA, and Tokio Fujioxa

Synopsis:

Recently, austenitic stainless steels containing high Si are considered as material to be used for automobile
exhaust—emission—control systems. A study has been made of the effects of rare earth elements and Ca
upon the oxidation behavior of 1994,Cr-1394,Ni-39%,Si—Fe system steel in zir in the temperature range from
1 000 to 1200°C.

The addition of suitable amount of rare earth elements improved markedly the scaling resistance and the
spalling resistance up to 1 100°C, but did not improve the scaling resistance at 1 200°C. On the contrary,
the addition of Ca improved remarkably the scaling resistance up to 1 200°C and spalling resistance at
1 000°C, but did not improve the spalling resistance at 1 100°C so much. The complex addition of suitable
amount of rare earth elements and Ca was very effective for both the scaling resistance and the spalling

resistance up to high temperature.
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Table 1. Chemical composition of specimens (wt%).

Specimen C Si Mn Ni Cr T-REM* Ca
: |

S1 0.05 = 3.1l 0.82 12.88 18.13 — —
R 1 0.07 |  3.40 0.85 13.16 17.98 . 0.009 —
R 2 0.07 | 3.30 0.80 13.41 i8.11 . 0.002 —
R 3 0.06 .  3.23 0.66 12.94 18.07 . 0.094 —
R4 005 | 3.1l 0.68 12.93 17.98 . 0.184 \ —
RC1 | 0.06 | 3.93 0.83 13.27 18.01 i 0.014 ~0.0039
RC 2 | 0.05 ~ 4.08 . 0.8 13,15 o 19.32 © 0 0.035 0.0096
RCS3 |, 006 | 313 . 0.68 13.11 . 18.19 | 0.203 0.0077
RC4 | 007 | 218 0.8 13.05 21.05 |  0.029 0.0073
Cl | 0.07 3.59 0.77  13.02 ©18.27 | — 0.0029
C2 “ 0.06 | 3.71 0.78 | 13.27 18.54 ! — 0.0076
C3 ! 0.07 | 8.5 0.83 - 13.00 18.39 J — 0.0220

SUS3108 ;007 . 079 1.58 b 19.50 24.85 é — —

* Total amount of rare earth elements.
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Fig. 1. Thermal curve of cyclic oxidation test.
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Fig. 2. Parabolic plots of isothermal oxidation
data.
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Fig. 3. Temperature dependence of K.
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Fig. 4. Effect of REM content upon scaling
resistance.
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Fig. 6. Parabolic plots of isothermal oxidation data
obtained by thermal balance.
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Photo. 2. Cross-section of specimens after cyclic oxidation test at 1 100°C.
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Table 2. X-ray diffraction results.

Specimen |1 000°C o [1100°C 1200°C x50 h 1200°C x215h Hoore eycles
S 1 Cr,O; . Cr,0O; . SP. s., (Fe,Cr),0, m. |SP. s, (Fe, Cr),0, m. SP. s.
SP. m. SP. m. Cr,0; w. r,O; w. (Fe, Cr),0; w.

R 3 Cr,O, s. Cr,O; . Cr,O; s. SP. s. Sp. s, Fe,O; m. SP s.
SP. m. SP. m. (Fe, Cr),0; w. (Fe, Cr),0; w. (Fe, Cr),0; w.

RC 1 Cr,0O; s Cr,0; s Cr,0O; s. SP. s. Sp s.
SP. m. SP. m. SP. s. Cr,0O; m. (Fe, Cr),0, w.

RC 3 Cr,0O; . Cr,O; . Cr,O; s, SP. s, SP. vs.,, Fe,O; s. SP. s.
SP. w. SP. m, (Fe, Cr);0; w. (Fe, Cr),0O; m. (Fe, Cr),0, w.

C 2 Cr,O; . Cr,O; . Cr,0O; s. SP. s. SP. s.

| SP. m. SP. m. SP. s. Cr,0O; m, (Fe, Cr),0; w.

cs3 Cr,O; . Cr,0O; . Cr,0O, s. SP. . SP. s.
SP. m. SP. m. SP. s. Cr,O; m. (Fe, Cr),0; w.

SP. S. Cr,O s. Cr,O; s, SP. m. SP. S.

SUSSIOS | 5o, m |SE ° m |(Fe GO, w. - (Fe, Cr),0;  w.

SP. Spinel type oxide; vs. very strong; s. strong; m. medium; w. weak

S MmgKer

c2 2004

Photo. 3. X-ray scanning images obtained from oxide layer (1 200°C,50h).
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M—REBRE L LTV 5H03% . R3 TlikmEeb
W CriBER»DE<L, Fe, NilxisL Al .
Fi, EEBLWOETIR S1 XYiskiEoREn
Cr BILE»H LS. Librd, R3I THRRLARIE
(LR EERBRILDERELTED, HEIELBWVWIA
Tw5b. ZOEZEE, R3 o4, REM otEBHiz kb
T Cr,05 O4RAPMBEE I, FFICHEDOEREL
CIBAVWEILERER L, FEORBE &b, Cr,04
DEFEL EC X W EMBILWOREUETEIAEL, Cr 0
IR D INb 2T SiO, »» 575 5 NEE LD REH
TRED/ZEERLTWAD. Fi, XLIRERMNES
N5 EIEBLWMSIME LTWD X 5 ICNERE LD & é
COREMPBERSLCEBERLEOIRB LD, BiL
BEBRKEL RS0 LEDbNS. —%, RCl LK
C2 g2oWnTAiBE, WThdEEE LTI Fe,
Ni 2z A ZBIEESh T, Mn 24 &% Cr £HD
LTl oTw5S. LasB2T, ThHDOEmELED
1, X#ERFERE ST CHETT 5 & CrOy & MnO-
Cr,O3 HPEBEDTWBEVZRD. T, WNERE#E{LDII,
EmEbm L e o REC B4k L, SlksLUR3
TH LN X 5 BEADEIKTEE Lizd DIIsED bhis
»ot. Ld, RClL XU C2 oeFRBEicviCr
ALBILIZ LA LB I h Dk

BT hnEL U 7o slfiz D W T oS R R S ixd
D7, WihbERmERL#ic Ni, Fe ko Mn 33
ZLEENRTW. LndoT, XEERER L 685
&, REBLPIZAEAVED  (Mn, Ni, Fe)O:Cr,Oq
& (Fe,Cr);0 252 TWw5 EBbS. F72, SiO;
L 5NMEBLBDORER, WwThoiEcditidic
ARORKITBVCRAALEE R LTWS. ZoHEHAERS,
RC3 DX SICMAX— Y o 7k 3 <hicd OCTHEE

wEHLRA. ¥/, R3 35X RC3 X 51 REM
ZEFTHETIE, FHESHLYFO Mo RERE W &
LIFEE LTHET N5,

BLECBRIEREFBATH L, ARDOGEIRIC BT
HEa{bEHE, Cr0p 2 X E 4080 MnO-Cr,0; %
Ek & T HrREEORmEBILE & TORAENCH—ITER
L7z SiO; 57 5 NEELITE<KFLTV5. &
Dz, KEEELOREESKbND &, BLARE
T T BEM S S. OS5 T Ca it REM o
& VERECHESCERTS. —F, HAFX—-Y
FEEREAECT ChARBERLD L e IELRVA
AT Si0; 5575 5 NEREE LI DA RRITEFE LTV 5.
EEBRILMoOFEBELEZEET 512X Ca I ERITH
555, BMBAIMTRTOMRIBRETESRL V. &
ZAH, REM OEEFEMCI2TTOESEIRE
TELRD. Lo, WEREELM &R LR & it
AR—Y o SEOTE»SWETHICINEZD REM £
Ca OESTIMBPETH 5.

LZAT, TRETHERTEAZREM X0 Cadif
IIREB TR SOV SERCI>TEHELRE LD,
oW, BEDOE ZATHFHLPCTHZ ENTE
v, 7275, REM % Ca X Cr,Oy & MnO-Cr,0O; »»
Lir IR EMODHREBIEMELERSES S T,
NODOEBILMAEL WA E LTOERE2 Tk ED
R I ARLELERS ~ sl Zir L, >0, &Rk LK
BRILIOREE R X CEBEROMRIC IR BEEZ RIEL
TW5HDLEELTWS.

4. f
19Cr-13Ni-38i FRiFicowT, 1000~1200°C ok

i

A CEGERLARR R X ORI LER 2TV, #E

@» REM kX Ca OFNMSIREZFAS/. Bohii
BROEFQTLLEHNTED.

(1) FRPBOMEIREE L REM 35 X OV(F 7213)
Ca OIFMTELLEEENS. Lrd, REM I8
Ca *FRESTHEMT S Lk v SUS3I0S ko>
CETHRMEZBLIILLTETHDH T LB8bhD.

(2) REM ¢ Ca ORITEHIEIROATERMSE
Do, Tishb, REM ofEhiii 1100°C ¥ coig
LR EMAR— ) o AW ETIHRYDS. Th
R LT Ca oFshii, BMLEROWEBIT I VT 1200
°C ¥ THHRETRT. i, VAR LA-EER{LY
OFEFERC DHESIRLTT. ORI 1000°C <&
Hh, 1100°C TRISEZAE/LRZEW. LaL, Ca
& REM 2@&FMT 5L, 1100°C @ THEH

— 162 —

A

9



g5i3§¢~z%f4b%x%vvz%om%ﬁ@mﬁmxl&?%iﬁiiﬁlaCa@%g 723

BRILWOEmBEENEE SN, [T, BLRFotkEs
En1200°0C s TcHELNS.

(3) FRMOEELIESUL, Cr05 & R 2 LBEL
WD MnO-Cr,O; o K&tk L-EHmEbm e +o
RERIC— I IR % 7o U TR Lz SiO; k&< k1F L
Twd. AR~ Yo FeEiE, ¥ic4R L - REERL
MOTEEE L HEITEL R VIAAT SiO, 7575 5 LR
BILMOALERIIKFELTVW DD & Bbh%. REM &
X Ca DIMEHRIZ DX 5 ek FEAGRY IS+ &
CE2THELNLDEEDLNEDR, ThbD ks
ERIZ X2 TELNE P IT D2V TIE, 450 WI%RER
FHiens.
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