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Effect of a Small Amount of Carbon and Carbon + Lanthanum
on the Creep Characteristics of a Fe-20Cr-5A1 Alloy

Tetsuro Toyopa and Takao Enxpo

Synopsis :

The present paper reports the effect of a small amount of carbon (50-300 ppm) and carbon plus lanthanum (0.04~
0.15mass%) on the high temperature creep characteristics of a Fe-20Cr-5-Al ferritic stainless steel.

Testing was

conducted over the stress range from 3.9 to 6.9 MPa at 1173 K. It was found that creep life increases with increase
in caron concentration. The beneficial effect of carbon, however, decreases with increase in applied stress and carbon
concentration especially when the carbon concentration exceeds 150 ppm. For steels with 0.1 mass 94 lanthanum, creep
life increases with increase in carbon up to 300 ppm. The average creep rate of the steels with 150 ppm carbon is
inversely proportional to the lanthanum concentration. This suggests that dislocations drag their solute atmosphere of
lanthanum. For the steels with 0.1 mass % lanthanum and various amounts of carbon, the average creep rate is
inversely proportional to the carbon concentration whereas that for the steels without lanthanum is not proportional to
the reciprocal of carbon concentration. The effect of this type of carbon was interpreted by the I-S interaction with
which the carbon increases the apparent size misfit of lanthanum atom.
Key words : Fe-20Cr-5Al1; creep life ; solute dragging ; 1-S interaction.
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Table 1. Chemical composition of specimens.

Sample - Elements C Si Mn P S Al Cr N Ti La Fe
#1 0.005 0.11 0.10 0.021  0.002 5.04 20.18  0.0036  0.060 — Bal
#2 0.017 0.11 0.11 0.021  0.003 5.08 20.26  0.0037  0.060 - Bal
#3 0.031 0.11 0.10 0.021  0.003 4.93 20.23  0.0032  0.060 — Bal
#4 0.005 0.41 0.20 0.020  0.003 5.12 20.02  0.0061  0.060 0.11 Bal
#5 0.014 0.10 0.10 0.020  0.003 5.05 20.02  0.0046  0.060 0.08 Bal
#6 0.030 0.10 0.10 0.020  0.001 4.92 20.10  0.0064  0.060 0.07 Bal
#7 0.015 0.10 0.10 0.020 . 0.002 5.05 20.10  0.0057  0.060 0.04 Bal
#8 0.016 0.10 0.10 0.020  0.001 5.06 20.00  0.0087  0.060 0.06 Bal
#9 0.016 0.42 0.20 0.020  0.003 5.12 20.00  0.0065  0.060 0.11 Bal
#10 0.016 0.10 0.10 0.020  0.002 5.17 20.20  0.0047  0.060 0.15 Bal
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Fig. 2. (a) Effect of carbon and/or lanthanum on
creep curve of Fe-20Cr-5Al1 stainless
steel. Testing was conducted under a
stress of 4.9MPa at 1173K.
(b) Creep rate as a function of time for Fe-
20Cr-5Al stainless steel tested at 1173K
and 4.9MPa.
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Fig. 3. (a) Effect of lanthanum addition on the creep
behavior of Fe-20Cr-5Al stainless steel
with 150ppm carbon full stop. Testing
was conducted at 1173K and 6.9MPa.

(b) Effect of lanthanum addition on the creep
rate of Fe-20Cr-5Al stainless steel with
150ppm C. Testing was conducted at
1173K and 6.9MPa.
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Fig. 4. Effect of 0.1 mass% La addition on the
relation between rupture life and stress for
Fe-20Cr-5Al stainless steel with 50-300ppm
carbon.
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Fig. 6. Optical micrograph of the cross sectional
part for the fractured Fe-20Cr-5Al-0.1La
stainless steel with 150 ppm carbon.
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creep rate for Fe-20Cr-5A1-0.1 La stainless
steels. at various stresses.
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Fig. 9. Effect of lanthanum content on the average
creep rate for Fe-20Cr-5A1-0.015C stainless
steel. at various stresses.

P, 173K B TCr e COI-SEIRVENT R L 5
WMEL L FRNBIETCT U3 Edvbh b,

Fig. 9 120.1mass% D La%® @i L 72#4%H250ppm»° & 300
pPMD R K WM L 120D PR E OB b 2 ik RiRE
MUTBIRLIEODTH B, F—RIIE6D3EH 5 D5,
R FURFEHI50ppm»° 6 300ppm & TEALT 5 L PHEkE»°
JLZ10%FEEE e b, Lad™ i LT 28402, REDE
PRS2 o0 T2V —745Edn 35 2 Lath
75, Fig.5 LFig 9 OB TERT A3 L, bT»
0.1mass% DLa(0.03at.%) 2T 5770 TP EEE D
REFEBEDOHFBCHBAT AL 22 LTHAE, REH
HBOBMTIEHR 2 Y =R O RS F5 PR TCE L
G2 b b 6 La L IR EDOEARMTEXERE KT T
B LEBLatREDZ S AZ—REIHF S TFH>Tv532
E, TLbbI-SHEDOHFELELREL T 2355, REREE
BT 2 EL-SHIRPKE L R 2D G T,
oK, REOBMTEREEFOHER T ZH#N EX
S RBDTHA I, ABFMEMTVVETDH 3,

88

8.

774 PRAT v R, Fe-20Cr- 5 A& Dilft ik
2 ) —7RE R BT 5 BT, 2 i250-300ppm D K E
Z S U 7280 £ 150ppm DR E # & 1 Fe-20Cr- 5 AR
A4:120.04-0.15mass% DLa® AT L 1280 Eis 2 Y
— 7R R I, ABRIRIE X 1123K, 5 1X3.9-6.9MPa
DEFHATH O, BoNIHEREZENT 2 LRDE 5 TH 5,

1)La®%& 2 2 wFe-20Cr-5 ALRA S T, RE
DIRMBELHT L 2 ) =Rt L3 2 27, REREH
150ppm L ETIIKFEDIRIIFEE R D 6 Ll v,

2)150ppm DR E # & L Fe-20Cr- 5 AR A4 120.04-
0.15mass%DLa® T 3 & 2V —2FFaH5#)3. &8s i
L7

3) e E SRR R U 8 FE - UEAER T & A MR EER TR AL
WOAIZED 6 LY, TINOHTHHEED & iz,

4)0.1mass% D La ¢ K% (150-300ppm) # EAEHMT 2
TS o TEAUMKDMD Yy 2 ) — 7 8)E 2 #1/10%%
B TRET 22 LT ET,

5)Lat COEATRMMIZI - TIZFE) 2V —7HIEH La
FRKRREDOFRCIHT 2, 23 LatCLD 2T A
R—ZEALHREEMCE] S Y, Z2OEEL 2 ) —HEE
PEBLTVAEI ERRELTL B,

X [N

S.Pelters, F.W.Kaiser and W.Maus : SAE paper, No.890488
(1989)

JIWGFEME, LRI, Wk B0 AEbERl, 45 (1991), p.92
U.Brill : Inter. Conf. on Stainless Steels. Vol.2 (1991), p.1220
Pt =, i — @ HAREEERE 30 (1966), p.558
H.W . King : J. Mater. Sci, 1 (1966), p.79

A.H.Cottrell : Report of a Conference on Strength of Solids,
The Phys. Soc., (1948), p.30

W R, &k H S D BARSEESEE 29 (1965), p.351
H.Oikawa . Technology Reports, Tohoku Univ., vol.47,
(1982) 1, p.22

S.Takeuchi and A.S.Argon : J.Mater. Sci., 11 (1976), p.92
A H, EEHRZ, &I O BARESEFESEE 8(1993), p.890
R ORI, ITILHESR, R 2, M E, HPEE LR,
73 (1987), p.183

1)

2)
3)
4)
5)
6)

7)
8)

9)
10)
11)



