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The Effect of Impurity Elements on Transition Temperatures and
475°C Embrittlement of Ferritic Stainless Steels

Masayoshi HASEGAWA, Katsuhiko TAKEDA, and Kazuhiko TAKESHITA.

Synopsis:

The brittle-to—ductile transition curves of a series of ferritic stainless steels containing carbon, nitrogen,
silicon or manganese, respectively, were determined, and also the effect of aging at 475 °C on the transi-
tion curves of high purity ferritic stainless steels was discussed.

The main results obtained were as follows:

(1) In 18% chromium steels, at the 0-0029 carbon and 0-0049%, nitrogen levels, the indicated transi-
tion temperature is found to be —85 °C. However, there is a remarkable increase in transition temper—
ature and a decrease in upper shelf energy, as carbon or nitrogen content increases. The effect on tran—
sition temperature and upper shelf energy is attributed to the exsistence of solute carbon or nitrogen atoms

and the dispersed carbide or nitride precipitates.

(2) Addition of aluminium as stabilizer is effective in lowering transition temperature,
(3) Silicon and manganese additions tend to raise transition temperature.
(4) In high purity 18% chromium steel aged at 475 °C, the upper shelf energy decreases, but the tran-

sition temperature has little change.

(5) In 0:05% nitrogen—189%, chromium steel aged at 475 °C, the upper shelf energy decreases, and the
transition temperature is shifted toward higher temperatures.
(6) The hardness increase with the aging time for high purity 18% chromium steel is less than for

0:05% nitrogen—189%, chromium steel.

(7) These phenomena caused by aging at 475 °C must be depended on the precipitation of chromium—

rich bee phase and chromium nitrides.

(Received Nov. 17, 1973)
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H-EESREC S IETHE2RAT L LB E
7 -94 b 27 LAGFIOEERMTETS S Si,
Mn OEBIERER 3L ETHECOWT LB L.
F T 2T4 b AF AT 450~550°C DIBE
HETRIShT 2 &, AL, T, vl
BETT 5, »whbwd 475°C JilxnERibhs. 475°C
MatEvE, ZoM{CEERSEMMTIRE, TEme LT
ORIRE, &5 \WIXBEREHRES EERRER
BB IoDIT, ZORILRROEHENSE S TAS T
LMEENTWEDR, 415°CEEHI LT =54 b - 2 F
vV AROEWHEIT OWT S ERE S FHETR VAN S
V. L IBESE 475°C R X A MHORILE #AND
CBA, PRIOBEIBIC D IORRL SO, TD
MECTITEBEEOZLITIER L, Ficy » V¥ —EE
HERT XY, @ 12%Cr, 3 XUEM 18%Cr 27~

L 2R, 7c 5O 0°05%N 2 &FT 5 18%Cr 27

VAT OWT, £h oo 475°C Bihic & b7 5 &b
RHR, S TIHLBRROEHE & OB EMEICDWT D
T L7z

2. R B A &

2-1 4

BV EREEE S EAREE RV, BHZEdh, XU
BEFREZEFAFEARCT 2ke OMEBEBERLE.
BB 1000°C T 10 hr R (LA £ LETR W,
10 mm iz BRI Licts, BCHcEnERnes (1
& L, 800°C T 30 min {RIFEKE) ZTRVEERIC
e L7z

Table | 2 OLEMRETRT. FEBROERL
SOk, Cr; 189, C;0°002%, N ;0'004% T

0, Nol~3DHKET7 .54 b 27 VAPFOH
s XiET Cr oREEFAN, No 4~14 OREITL
hzn C, N, Si, 5XU Mn QOEEC>WTHEL
7o Fo NREFELT B0 ARERN L2 No
15~17 ¢, No 18 (27 ~-54 b+ 25 L 28R JIS
SUS 430) bl e LCRAVW D THS. Ik,
Nol, 3, XU 9k 475°CReshic X A8t e
T BIEAI B EM L. '

22 HBOFE

Vo F-vr v E-BEERBROMEBA & LTIE, 5X
5x55mm, 1mm V/ o FO 4 744 Xk % A
L, ZOBAREBIBITIL 10 kgm & v L & — FIEEER I
B Uic. EcBERBIR—&HT 1 RO I
DWTTR Dk, T AV FEBREEPIR = 5 or F Ok
KIE & B/ MEDBEMTFEI & 78 HIRE R A L.

BRSO REL, (Y2 ) VEEHIRER+ = —F )
WTERA Ltk FEEMEHE 2KV 7)Y Bk
LETRMSBESE T ofk. ERBEREBYASSE
®, HEREE EERE FHEMSECX VRS LK.

¥ 475°C FEEHO E & AT B 2 D I i EERER
DIEPIZFIRAR GRS 25 mm, 7RIS
5mm,EX2mm), £y #— 20X (ifE 10kg),
65% HIETHERERAER (& . — 1 FBR) HBVITERFM
oA O XEETIC X 5T o R &% &2 ftbht
fTleofz. BREMME 10% 7 = VBV — 4 +1%KBr
2RV, BREBEIZ SmA/cm? L L. f/4 pH=T7 %
59 5 720 HoSO, Bk % B T L7z,

FEHEENIE 2 5 U 7oK C, ENOKBHIE—7 = 7 4
MERET, #5FIEX ASTM No 3~1 CtH%. Zhi
LT, C NEFEOBVEREITRE, RILWDDWiZ

Table 1. Chemical composition of specimens (wt 9). Bl A g LIRS

Specimen No Cr C Si Mn P S N Al

1 120 0-003 0-03 0-02 0-03 003 0°004 —

2 15-3 — — — — — — —

3 18-2 0-002 0-03 0-02 0-03 0-03 0-004 —

4 16-9 0-010 — — — — 0-004 —

5 17-1 0-10 0-03 0-02 0-03 0-03 0-006 —

6 16-9 0-13 — — — — 0005 —

7 18-2 0-002 0-03 0-02 0-03 0-03 0-006 —

8 17-2 0-002 — — — - 0-041 —

9 17-8 0-002 0-03 0-02 0-03 0-03 0-054 —

10 17-9 0-002 — - — — — 0-070 —

11 17-9 0-002 0-50 — — — 0-004 —

12 18-0 0-002 0-70 — — — 0-004 —

13 18-2 0-002 — 0-35 — — 0-005 —

14 17°8 0-002 — 0-45 — — 0-004 —

15 18'8 0-002 0-03 0-02 0-03 0-03 0-002 0-005

16 17°9 0-002 — — — — 0-067 0-077

17 17-7 0°002 — — — — 0°057 0-086

18 16-3 0-08 0-59 0-29 0-03 0-01 — —
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Cr B0 X » BBIREEERAI~BE L, L8HE
T AV DEINTB. 0T EhLERG Cr oW
iz Cr E#hnic X 94T 50 Crikle, o
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Iipofe. ERO 129Cr AT LIELIET =54 b &
TT YA b O2AMARE B, RERIT YL
129Cr $HTIE, C, NESLDTHBRAD LT
+4 MR ED Hhinhor.

DWT RAREBITETH S CHIVND 18%Cr i
EIETEEC O >WTHRF L. Thbb, Fig. 213
COEERX>WIRLEDDTHS. ZOHERENTT
~TNE 60ppm DI TH 55, JIS SUS 430 % 4 7
Az TrLTd5. CEH 20ppm DHERDIFE
ix, EBEEIRH —8°CTthihs, CROMIMTE
WEBEEIX LA L, 0°10%CTi3§ 60°C HiRAc
19%. ERER=ANVFLCERELDTRDL, HF
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Fig. 1. Effect of chromium content on transition
curve of ferritic stainless steel.
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Fig. 2. Effect of carbon content on transition
curve of 189 chromium steel (N<

0-0042).
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Fig. 3. Effect of nitrogen content on transition
" curve of 189 chromium steel (C<
0-0029).
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(a) high purity 18%Cr steel, No. 3 (tested at —80°C)
Photo. 1. Scanning electron microfractographs of Charpy specimens.
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Fig. 4. Effect of aluminium content on transition
curve of 189, chromium steel.
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(b) 0-05%N-18%Cr steel, No. 9 (tested at —39°G)

& BRTH b EBRERERH~FR T 3.

—fRie MBI BT, EBETREORt X ET
BRI MESNTH DY, - v b Y v 72 OB
%%E?ﬁb%%ﬁgﬁ?éﬁﬁﬂ,XRTﬂbmﬁ%

FLFEE LTD SiH BV L Mn KE@E%@E”‘EE:&VQ:
i Fe-18%Cr &4t LTHM oD EAMSH L T L
RTRBELTVWLOT, FHETHRERARACEEINSEE
D Si HBHWE Mn BT OWTHEEST L. i
Fig. 5 K BBc s X @ T Si BOEELR LA
Tt 0°50%Si T—BESEREX KREI~NBTTS
7%, 0:70%Si TNy 15°CHBRI~BITTS. ¥k
LR X FREFRDT 528, 0°5% BREDTO
BEB VT P

£

1 N

= 2 003Si (No3)

sal(I° F\OO‘TOSHNOIZ)

& 0'50 Si

o (No t1) '

he)

2

S

3

o 2 |

2

S

£

2 J

>
o éo/" ) 1
2100 -50 0

Temperature (°C)

Fig. 5. Effect of silicon content on transition curve
of 189, chromium steel.
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Fig. 6. Effect of manganese content on transition
curve of 189, chromium steel.
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Fig. 713388 Nol OEBEBEMBE R LALDOTH 5.
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Fig. 7. Effect of aging time at 475°C on transition
curve of high purity 129 chromium steel
(No 1).
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Fig. 8. Effect of aging time at 475°C on transition
curve of high purity 182 chromium steel
(No 3).
> a b o—0° Unaged
g .
5 30hr
2
-e’-‘
% ol 500hr o
-c o
B ' r
5 | 000 hr
Q
1
_> o ! ! 1 L
-100 -50 (o] 50 100

Temperature (°C)

Fig. 9. Effect of aging time at 475°C on transition
curve of 0°059% nitrogen —18% chromium
steel (No 9).
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Fig. 10. Effect of aging time at 475°C on Vickers
hardness of ferritic stainless steels.
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Db oz LW, BRWEbTHEEEELZ LN

A QN

F ke Tismwar 57 Thid, FREEhioEEic X b B
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SlEDz Epb, LT 0°05%N Z&ts 18%Cr ¢
BT BESICIE, 1000hr T 475°C mEshif{bix
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X Ot 500hr EEEHEED L T ) W BEEAER L. REARIT
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Fig. 11. Effect of aging time at 475°C on tensile properties of ferritic stainless steels.
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5 RS Ripine ww«~ PRIRERS:
(a) unaged
Photo. 2. Electron micrographs of 0-059, nitrogen —18% chromium steel (No9).

2(b) DT EHP, MR L S IR A Bla
ns.

* - 2 fEO B Cr gRps 475°C Bshic X A%
BRSO LI, FHMMTEE K NABETS
S LitiEET 5. # 2T Photo. 3 35X O} Photo, 4
stk Nol ks Xr3 @ 1 000hr Bggd L7 ) hEE
%R L. Cr 225 1295 0EAiciE Photo. 31z b
5X 5, EFCHMAEE LT IrCEREINSE
BT, Bt OFER T ERELBNWEHEETES.
F 723kl No 3 o#4ic 1000hr T X2 THER
IR E A EEEBBDLNT, FTilmd Ebo o
ThH5. LS o2CZ0HEIE~0FSIIEZ LN
T, PR IRBOBREE I —FKT 5. xHK No
B XU 30 2500 bREAFTOMBIT Photo. 2 () &
T, TR SIhrofe. bighic
PR EE X aRhmEoMBElE T, 3 EbEE
A EER LD T

Photo 3 éléé;;;);]wfglcrograph of hlgh purlty
1294 chromium steel (Nol) aged
for 1000 hr at 475°C.

(b) aged for 500br at 475°C

SN g L ' S N S
Photo. 4. Electron micrograph of high purity
189 chromium steel (No 3) aged

for 1000 hr at 475°C.
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3R Lo X S IR E R i s b T it 580 &
nNTWw5b. ZhbooZ BT 5L, &l 129%Cr
$Mic 3547 % 1000br e LR = 4 VX OET &
EBEED HET0 LR, HASICRF L
Crgg{tic X 5dDLE 2505, L LEHM 18%Cr
MDA, Photo. 4T RHND X 5 T VIR, ¥z
BREDRIFELAEEELTVWEV. TdrrbbT L
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RhETFIVEOELWVETES D, D @itk
A AFOETOEHE, Bl 122%Cr flOBFPE X D B
LT KREV. ZDT VX 475°C Beshic Bk S kB &
BRI RE MO X B DFEI TRV &%
HRIE 5.

% z© 475°C., 1000hr f§5h L 7= 0-059,N-189,Cr §8,
B IUEM 18%Cr RO EMMEEE 2 XBREFT X D
s L7z, 0°059,N-182,Cr $HDES, FIEMADITEA
EH CoN THo/keDit i L, Eil 18%Cr SMoBET
W& Cr,N AR, Fe-a fEiCIERCHLILME
(d=2-039A) BE@mDdLN. ZOHE Fisuer 592
GrOBNERD DR LTV IR E Cr §HOHKOILT

(a) unaged (tested at —B80°C)

Hd b oW (Cr-rich bee £8) & X< —FT 5.
475°CREEhic Pk S Z oW i 3B BB T HMEZ AV
HLOMEECTLVBDOLNTHY, KRR THLOHF
ELERINThITH 5. :

F &M 18%Cr §8, 35 X O 0-059,N-189,Cr fHO
B 2 BT T IMSETHIEZ Liz. Photo. 5 WIEH
189%Cr $HOR%NET & 1 000hr Rghisd IEMIS T DOEHE
BEAEELADOTHS. WHEINBIIEELAE
D Bhig vz, 1 000hr EEZhEEORETE T IERERHATIC <
5T dimple 138, »o/MSL L2 TKD, ThE
FHELBISMEShTWws. 20X 5 b LEE
XA NVFORELBETORRLE 2 bh 55, KR

" (b) aged for 1000 hr at 475°C (tested at —83°C)

Photo. 5. Scanning electron microfractographs of Charpy specimens of high purity 189,

chromium steel (No3).

(a) unaged (tested at —39"0)
Photd. 6. 'Scanning electron mxcrofractographs of Charpy specimens of 0-05% nitrogen — 182,
chromium steel (No 9):. ~

(b) aged for 500hr at 475°C (tested at 96°C)
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fme%?aCrmmhxﬁtwﬁ%%%%%k?5
FTRRE LRI
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b —EELMic X B H D LE x ShBaH/e dimple 55
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Wﬁkk%<#5L1w5c&ﬁmmﬁﬁmxor%%
AEENhi-Z &t 5. I g
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7275 5 2V F DETFVE, €N, %X 0% Crorich bee #f
OIS BRI FE5 L-bOTHE Evrt Zxbh
%. (€% Y Crorich bec FAOIFHIL, 475°C D
RET a2 4BITHEET D cd L ShTRY, ERHf
iz~ b)) v 7 2R LEGBEFRCH VLD D, XL DOHRF
FEMS< MY v V ADOBTERELD D 002% BEXRE W
7o, MO Eb Y KEEFEEZAEL, ThPERADE
el U, B2 Wb FRICEZO2THwS & &
htwns

X EITR LB IRABRES o B, 475°C ReZhinBic X
D EHl 18%Cr ST U B 2 b B DI R L
T, Bt 12%Cr SCHABCOI LA LB E V5%
£d, FROBRICIO>TFELLLBHAINDS. Thb
HLEH 129Cr A0 ES, WitLiamsi®iz X 5 Fe-Cr &
FKRERIZ I~ T, 475°C ﬁﬂ’(“bﬁ: miscibility gap b
XVoRAITHY, FToiDd 2S5 L7z Crrich bee
O HELSEM 18%Cr fiic { BRTAHH V. LichHs
D TERAOER ZHIE T HEMPNS <Y, HEIKE
{LosBbhisok LRI h5.
SRMOMAEM I B XIET 475°C oo RE %
60% BHEMERIC L5 BRABRICI VIR L. TO®K
R% Fig. 12 R+
0°05%N-182,Cr i, 3 X UEHl 18%Cr §HTIIRIF
BEOFEEZ L, Eil 129Cr T2 EREDEE
R L. &l 18%Cr iCrissfhmsfiiic L o CTHE
BREE b BT 28BETHY, ThityLT
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7oL 129%Cr SAOEE, SEBEEZELTVWSDE
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Fig. 12. Effect of aging time at 475°C on corrosion
resistance of ferritic stainless steels im-
mersed .in 609, boiling nitric acid.
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(2) ERAMCEEIN5RED S, Mn THEBIRE
DLBRCERTS. LB oT—RDO7 254 MALR
B 7294 b ZF 2 LARMKEWTHRIBITEIE
BHICE LS EELTYS. :

*7- 475°C BHic k57 =51 b 27 LAHO
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(3) 475°C, 1000hr B3hiz X v, 40ppmN £4 0
129,Cr 1 XU 18%Cr $HOEBIBEITIZ E A EE e
T, EMERzAVERFLIETTS. —F005%N
BHED 18%Cr §HOFAIE EHR R = 2 L EBE LR
’)‘TK) &Hﬁ&u:%ﬁ?mﬁ%ﬁim{ﬂﬂf\?ﬁ?‘é

(4) 475°C RESHRSREIC X % 7~ 7o X O ZE{LI% 070595 N
-18%Cr 235 HE L <, Bl 129Cr §f, HHl 18%Cr
& D IKREBLE(IT .

(5) 4753°CErSIREIC X 25 1RE X DZE(LiE 3 3k

EHNEL, BODEAH 0°052,N-182,Cr i, X}
Bl 18%Cr §HiCEEDd Hhvb.
(6) FERREAMBERED XBEY XD, B
1825, Cr ﬁlﬁ‘ljf 1% Cr-rich bee }853, 0°059,N-18%,Cr $§§C
X Cr,N MHRIEIND Z 255, FEOEIZZ R BH
WP HINMCEFELET52E 2605,

(7) 60% MR X5 BARRICXS L, 005
%N-18%Cr §fl, ks XU'EH 18%Cr MTIINABE,
Bl 12%Cr TR AEBROKELZE L, Btk
BEEBEOEIEM 122Cr MBHEIFL V.
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