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Effects of Ni Content and Austenite Phase on Low Temperature
Toughness and Embrittlement Behaviour of Fe-26 % Cr Alloys

Keishi NAKANO, Masao KaNao, and Akihiko HosHINO

Synopsis:

The effects of Ni content and microstructure on the embrittlement of Fe-26 9, Cr alloys containing up
to 109, Ni by reheating at a temperature range of 400 to 750°C were investigated. Furthermore,
mechanical properties at low temperatures of ferritic alloys in annealed conditions were also investigated

and the following results were obtained.

(1) The addition of Ni to high Cr ferritic alloys promoted the occurrence of deformation twinning

during tensile test.

(2) The fracture of Fe-269% Cr ferritic alloy tested at -196°C occurred without any plastic deformation,
but the alloy containing 6 % Ni exhibited a good ductility and strength due to the work-hardening effect

of deformation twins.

(3) The peaks of embrittlement by reheating were observed at 450, 500 and 750°C in case of the
ferritic alloy annealed at 1 000°C, while the embrittlement peaks of the two phase alloy were observed at

500 and 750°C.

(4) The embrittlement of the ferritic alloy appeared within short heating times in comparison with the
phase alloy that produced the embrittlement after long heating times. The causes of embrittlement

observed at 750°C were different each other.
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Table 1. Chemical composition of alloys tested (wt%).

AlloyNe.| © & | Ni | S  Ma | P | S | N o
1 0.001 25.47 0.005 0.009 0.001 0.003 0.009 0.0078 0.036
2 0.001 25.35 0.51 0.009 0.001 0.004 0.010 0.0098 0.041
3 0.001 25.41 1.00 0.009 | 0.001 0.004 0.009 0.0114 0.034
4 0.001 25.46 2.00 0.008 | 0.002 0.003 0.010 0.0130 0.034
5 0.001 25.75 4.00 0.007 0.002 0.003 0.009 0.0070 0.040
6 0.001 25.63 5.66 0.007 0.002 0.003 0.008 0.0081 0.031
7 0.001 25.76 10.01 0.009 0.002 0.003 0.010 0.0062 0.026
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Photo. 1. Microstructures of Fe-269%Cr alloy annealed at various temperatures for lhr.
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Fig. 1. Effect of annealing temperature on tensile
properties of Fe-26 95, Cr alloys containing

0 to 2 95 Ni.
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Fig. 2. Effect of annealing temperature on tensile
properties of Fe-26 9, Cr alloys containing
4 to 10 95 Ni,
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Fig. 3. Variation in tensile properties at low tem-
perature of high Cr ferritic alloys contain-

ing 0, 2 and 6 % Ni.
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Fig. 4. Effect of Ni content on impact transition
curves of Fe-26 2, Cr alloys containing 0
to 6 % Ni annealed at 1000 and 1 200°C.
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Photo. I, 2 % REEAM % 700~1200°C DL {EfE
WEEISE L, K& LT LN ISR OB Z R
Liz. No.l~4 BelEid LIBET afBTho7n5,
1100°C LA EofE s % UTEERROBEARILISE Lo
7z, No. S~6 IIZ T EMARIT a« BB TH v, S RHFLE
K XDTERRENEL 2. #h%Fh, 1000, 1100°C
EITOREE LIBETa b v @ 28 E LoD, 7
A a W ROLLLTHRERE»S DI L. LG
ROPEILE LTl aBfLiaD/z. No. 7 &R E L
RET2METH Y, AMEE - ICHH LT

3-1-2 FlEME

Fig. 1, 2 25 BEMEIC S IITTEL E LIBEEORES

4.0\. - o= 7
- > 3 [~ Sttt
€ 3 5. %‘5‘\‘\ N o
&350 | | : ) \ [—o— acoC
ks ———tmme 325°C
> | E ————-— 450°C |4
g30 i e ATSC
S —e— S0C°C

25 ———a——= 525°%C |7
‘!03 ——a—— 550°C
a k )
E20- | )
5.5} |
=
>
? 1.0}
o A
£
SoSF \le i hg& 4

5%‘;:;\“:’:% ~ \\‘
o = 1 A O
ol [ 100

10
Aging time (hr)

Fig. 6. Effect of aging temperature and time on
charpy V-notch impact energy of Fe-26 9,
Cr alloy. (quarter thickness charpy impact
specimen).
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Fig. 7. Effect of aging temperature and time on
charpy V-notch impact energy of Fe-26 25
Cr-6 9% Ni alloy. (quarter thickness charpy
impact specimen).
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Fig. 11. Schematical representation of embrittlement
behaviour of high Cr ferritic alloy and two
phase alloy.
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PDEZEED, X0 EIBE CEMEDOETBREL RV EF
2Hh5.

4-4 BNBCKBHBIE

BERLE LAOLEMET S L, BHRSLDESII=D
D, 2HEE TR > Db 3 H bz, Fig. 11 13k
BOBROBRARTH 5.

HEESEORILKLEB»S5 1, 1, 1 &Sz T
5. BE{EIL 11X No. 1 55 No. 4 I3 T X h BS AT
Hbh s, Ni 5 2HGERIGERETH 2205 475
°C ML DRIRRE O REE D E X b S, Lo L, ik
@ Fig. 13 955 5% X 5z No. 6 OBEIEREHT 48N |
BHEALW. —%, No. 1 225 No. 4 i TNEBHSER
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(b) aged at 500°C for 50hr x 200

Photo. 3. Microstructures of surface on tensile
specimen of ferritic Fe-269,Cr-695Ni
alloy.

EEEIT SN LT 5% No. 6 O NEE No. 1 & FfRET
HY, FEEHIOHBEENESISHBE LTS £h
i, ZoMEBORILCIEARTRLEELHEbY 2F
LTwb EEzbN5. ZOREGHETIIRE LD
WHBEZ 93w, FirhB475°ClakoFREE & Eh
Frrbdhd Y. zrit, Cr-C RICHTFELENWES
hTuws CrC »5 Criflzies & LAk, PRIEE L
THET 5™ VS 2 EBRLEEOFHOFED &Lk
BLEZLND. L L, BOEHREAREZTL O
D5 ERTERD DR,

JEfbik 1 vk C Dbt 5458 5 hc RN ofEd(b
T3 ¥F—H 58kcal/ mol & Cr ¥l EHEALT %
WFEF~EEFEELL, Bx¥nr4U-REHHA (Fig.
5) E—FH LAz irbh, WbhbywE415°ClabLHE LS
5. 2HE£OKBAIOMEILIRT K 475°C fifk &
Ex b, LisioT Fig.ll ¢l LBk

475°C [l i WENBEELFEEZBOTWS Z L85
L OWEZT L OTHEBEIN TV B9, EHL 1
2 SRR LR 2 E» LER LRFRBAREAE

L3
A
~
[
i »
> K

Photo. 4. Transmission electron micrograph
of Fe-26 9, Cr alloy aged at 600
°C for 1 hr.

L, it T 5z L%8MELTWS. LA L, ABOKIE
BMEOBE EFU K WRRE LELOBRRLT LS —
FEMITIR I,

Fig. 12 |z No. 6 oAl O E % 500°C THZh L
7eRFOE X, FERMEHN S L CHEBOZELE R L.
No. 1 DIFEIXShr DEEINC X 2T gop PMELE LA X
D{EH 5 kg/ mm? Ly LTWi Wik bbb b,
SRR B W TR IRBE LICEERELR . L.
DOFf, WHEE~EZARTREORBBR SN S. No. 6
DEARBOEE, 2HBERIIVIMECRNEBRETS
25, BEEhOHETIC > TRELNREE Y, E-R4EM
BN Uic. (RO OZELITSRE OZfiC X < 316 LT
WHA, HREKTE,iD BEv. T No. 1 1I38HF
ThHo.

Photo. 3 1x No. 6 DL % L LI O &L D
SR OWMEREE T T. FIERRB TRIICHETELET
X BREMRTHEE R, ELICRELTCHBERRLR
b DTH5. No. | TRBAHDOTEINEEBEAFES
< M No. 6 ik, WAL DFERRL ETIEDS
NTRD, [SHEREZEMT 5 DGO LR X T
ok LTws. ORGSO RS O 5 H3/h
V. 2HESHEOETTICHEY, MELIROEPIEN 2T
Xh (b L W) B TEMTER LD e, R
FETHISCRBEFZLLRS.

No. 1 & No. 6 ZH#ET 5 &, Ni OFMMCIOC,
2 MG e {RE SN, WEDFEELLT K Loicdh
»h5T, No. 6 OFBRPHOL D LEHBEIET L.
Ni#&¥e < ) 7 X OHEOHEFDIRNBZ ZICHERD
nTtwsEELILNS.

600~800°C DiREFIFETEU BHE{LIT o MERITK
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° | ]
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| 10 100 1000
Time (hr)

Fig. 13. Effect of microstructure on 475°C embrittle-
ment of Fe-26 9 Cr-6 %, Ni alloy.
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BHEE&DMt L= FHciX Photo. 4 2R X 97¢
BT LIS RCHFL LT 2008 MEshi. &
Cr SO gAt MRS @M b+ 5D T, Photo. 4 iz
BRI NRTFR RS Ly i FREIh 525, &
DEDRILWTH D E BT 51037 — 2 — R
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3B BZENE CrCe®® DRREMES TRIZ LTV 5.
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BV IC S W TR X O & EREOTLIE» 7 ) —
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