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The Effect of Production Conditions on Grain Refinement for Stabilized
Type Stainless Steel for Elevated Temperature Application

Teruo YUKITOSHI, Kunihiko YOSHIKAWA and Hiroshi TERANISHI

Synopsis :

Stabilized type stainless steel is processed to get finer grain size even at higher solutioning temperature.

The detailed process is as follows.

Carbides are fully dissolved at high softening temperature, and then,

after cold work recrystalization is performed at lower solutioning temperature. Precipitation of fine carbides
during the solution is proved to be responsible for the fine grain by preventing grain growth.

SUS 347 HTB tubes (JIS) were made by the above process and examined for creep rupture. They showed
higher creep rupture strength compared to the tubes with the lower softening temperature process. Advan-
tage of this new process is to allow higher solutioning temperature which provides higher creep rupture

strength.
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Table 1. Chemical compositions of SUS 347
and SUS 321 stainless steels.

Steel C Si Mn P S Cr Ni Nb Ti
A 0.03 0.56 1.61 0.01 0.006 18,52 12.56 0.32 —
B 0.03 0.57 1.54 0.01 0.008 18,51 12.43 0.8 —
C 0.05 0.61 1.58 0.01 0.008 18.53 12.57 0.31 —
D 0.05 0.62 1.62 0.01 0.008 18.81 12.47 0.89 —
E 0.065 0.56 1.49 0.02 0.007 17.54 1L.61 0.78 —
F 007 0.58 1.59 0.01 0.008 18.82 11.96 0.33 —
G 007 0.6l 1.60 0.01 0,008 18.39 12.37 0.65 —
H 007 061 1.59 0.01 0.008 18.30 12.36 0.88 —
1 009 0,62 1.58 0.01 0,008 18,59 12.02 0.92 —
J 007 0.53 1.69 0.02 0,001 17.45 11.70 — 0.43
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Fig. 1. Schematic illustration for manufacturing
process. (Process A, softening temperature < solu~
tioning temperature)
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Fig. 2. Schematic illustration for manufacturing
process. (Process B, softening temperature>solu-
tioning temperature)
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Fig. 4. Effect of softening temperature on grain
size after final solutioning. (Steel I, Process B)
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Fig. 5. Solubility of NbC in 347 stainless steel.

1 1
70 72

L < &R 5 LI 30% BE T, 1175°C
EBCRE  TTS— /B & L3, 1200°C 1),
LOBEBEEE T 50— BEERNNRA SR,
RDOTCT reABETHE—CHHER I LD SLE
RAER OB HMTENMLET, 1300°CEKILEEDEE
A< &b 30% L EoBHMTENALRETHS.

Fig. 3, 4 % [L#1% &, BEBLREN 1200°C [
LOBVRE COMRNER, Y reABECRELL
WMOFR L ORI CTHDZ Ehbonnsd.

FEARLE D B LIRE D 4 s SFKLRE EEL 5
F%Z Lk NoC OEBER XUHHOXE) LBE#EYH L
Tw5b EEZ bha., Nb HBERE X EBRLEE LD
BifR% Fig. 5 wwRd. i 1250°C £ X0¢ 1300°C
B To Nb #i i & & 30% NI % 1100°C~
1250°C cEBEME Y 707 % T D Nb Bi&k & %
Fig. 6 ¥, Fig. 5 X b NbC OBEMEFT(1)
ROZTELRBINIHOKBRIEWERNE 5 h T »

10 Softening condition]

o 0]1250°C x 10min

< L ©11300°C x 10min

2 08

€

]

c

8 06

0

Z

b 04 [ l"

8 | @emcmcmemmmmemm L as NbC

o 02fF

0 I, 'n 1 1 I

Assoften 1100 1150 1200 1250
ing

Solutioning temperature (°C )

Fig. 6. Effect of softening temperature on extra-
cted Nb in responce to solutioning temperature.
(Steel I)

58,
log [CI[Nb]=8.47—15814/T ---evevrens (1)
C, Nb:wt% T:K

COBMERD DEABBERE CTOER Nb B% 5t &
3% & Steel I (0.09C—0.92Nb) #&-cix 1250°C ¢
DOEBELRE TS Nb 2 0.3% BE LArEEET, »
/£bd Nb 78 NbC L LTREBEDOEFEFBRBOTNS.
KREE NbC o4kt Photo. 1(a) ikt &Eb
THDH, 0.5pm BEOILBAPHEK e REERLY &
LT LT 5.

—7, Fig. 6 wiRd X 5cik /b {E & 2% 1250°C,
1300°C tm<, BEWLRESKREZ#L I\ EE
DOHBHIL, BEBLAEF NbC 235 - &2
25, Bz, 1300°C ToOBLAE T3 Nb #h &
1% 0.3% Thbh, Thi 1200°C cHN#ET2 L Nb
MBI 0.55% &icbh, 1200°C Finzwc kb 0.25
% O Nb 2¥ii3+5. 1250°C CcoikfbTit 0.42%
O EL, 1200°C Fin#uc X b Nb #iHE 0.51%
L B0 T, 0.09% © Nb 2AHHT3zsreins.
thb, RILBRE 25 LTEE Nb 44 < THud,
EFCRE,N—E THoRBE X b LEVES, Xb
%580 NbC 2BFHT 5.

D X5 IR EfTOIEFD NbC o4pmk it &
Photo. 1(b) iR4. Photo. 1(a) DFPEH L BNRT
NbC DOFrHERIAIK & S Biz2oT 5. FEHICHM
0.1¢ BE®D NbC 2REKMH LT\ 52 LAVEHET
B5b.

3-3 SUS 347 HTB $§8(D & Y — THMAE & BRIt
BINBRRE

miRA 34THA T v v A8z, KOREHFLEY 2

ASME Code Sec I ZF455 [ RIGIMENED bhTu

— 174 —



BEBLELE AT v L 28 (SUS347HTB, SUS321 HTB) ofikifbicB 42 ME LK 1965

softening at 1100 C, solutioning at 1200 ¢

softening at 1250 C,

solutioning at 1200 C

Photo. 1. Effect of softening temperature on the’distribution of NbC precipitates in
SUS347 HTB steel (Extraction replica electron microscope).
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Fig. 7. Effect of solutioning temperature on 10°h
creep rupture strength. (Steel H)
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Fig. 10. Effect of softening temperature on grain
size of SUS321 stainless steel.
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Table 2. Calculation of precipitating NbC and limiting grain size when softened at 1250°C
and followed by lower solutioning temperatures. (0.07-0.75 Nb steel)

ioni Precipitatin Volume R L
Solutioning P 8 . Limiting grain size
temperature Undissolved solljl(xzti::lilr?gwer gfa‘;;(ég due to NbC ppt

© NbC (%) temperature ipitating
(w1%) NbC (%) Eq (3) Eq (4)
1250 — _
(As-softened) 0.362 - -

29,
1200 0. 473 0.111 0.116 (ng g%;n ((;252'7GW§§1

18. 6#m 14. 6xm
1150 0, 534 0, 172 0.179 (GS 8.2) (GS 8.9)

NbC E#FHE Lic#iR% Table 2 iRd. A% Tt
1250°C TEr{L Lictgic 1150°C, 1200°C CREI%{L S
MR LB T T 5 NbC B & 204 BEREY R LT
5. ThboffEs, Photo. 1(b) THRLLX 5 i,

BEE BB P T T % NbC D9 X (d=0.1 pm,
r=5x10=¢cm) » LFHHIZT X » vv=v2rEZhT
REDBEBAGRMREROFTE LT oK. B R A R
ZENER % GLADMAN LO®EELIR(3), (4)2Hw

TEHE L.
dy=20/Fforerernssenrneirciiimiiiienieinneienees (3)

Tr
dy= 3F (8/2—2/Z) wrevrerreenenieiiinenninnn (4)

dy : RFGE SRR (pem) f 2 HTH# AT (cm3/cm3)

r: FTEFEE (pm)

Z R T HROKME (pm)/~ } Y » 7 AL

£ (pm)
7272 L Z 1% Byre, HiLLErT D& BE I Z=2 L
LCERHE L1, HELCERIERSER Fig. 4)
EHEBH L —HKLTEY, BESAERTHT5
#i NbC pRABENREREL OB EEXDH T &
NTED., Tz OREND, REBRE AL kBizy
FE¥ Nb E2MmL, RBEEER iz £ 80 NbC
AHTH L, R(3) (4)hoftHMEEER ) 273k <
7o DAL T A Z L Vb B, ST ERESE
EILSFHLTS.
(2) BRMLREE (T softening) <[E¥ LB &
(T solutioning) DFE
FEEFRCBAGEENR 2B L, toR2

Table 3 iR L. AZFITER(LEE % 1100°C L L,
EEEAEEREN 1150°C, 1200°C, 1250°C o3
B OREE NbC & LAEBEEOHHEME LR LTWS.
T softening<{'T solutioning DFPEi2iy, EH(LEMBE
FIZ NbCAFTHI LT K % 2 i\ ¢, Bh DO LE B
{LBARE cH % 5 KEE NbC 0 Ry X &
CRANENREIND LEZ2 Bhb. KEWE NbC o

Table 3. Calculation of undissolved NbC and
limiting grain size when softened at 1 100°C
and followed by higher solutioning temg-
perature.

Undis-
Solutioning solved Volume fraction
temperature NbC of undissolved

Limiting grain size
due to NbC precipitates

(°C) (%) NbC (%) Eq(3) Eq (4
1250 0.362 0,377 44.2ym  34.7pm
(GS 5.7) (GS 6.4)

1200 0.473 0. 492 38.9pm  26.6pm
(GS 6.1) (GS 7.2)

1150 0.534 0. 556 30.0pm  23.5pm

(GS 6.8) (GS 7.5)

d (pm) =320x2- N3
d: Grain diameter (¢m)
N: Grain size number

VA X2 0.5 pm~1 pm & (1) DFHEHTHE T NbC
DKISEDREITHD, ¥4 X% d=0.5um (r=2.5x%
10-5cm) L UCEHE L. BAGENR o FEE 12
Fig. 3 wR3#abE & AEBEDOETHS. o<
(2) DHACITFERIEIXREE NbC ok hikEZh
Tb EBEL2 D EMNTES, Table 2 & 32 HiEET%
LR CEIBEBERE Cik Table 2 orhoik RlE
ANIL e TE Y, (1)DFHRE X b BEAKLE Sh
LEBFER LML LTV S.

C, Nb ofidkE~0¥E, KEHE NbC oE
BIR LT3 &&E X bhb. Fichh, C Nb B
mIsz e ly, ERCBENEROREZE NbC 234
U, ARERBELHEINT S Dl b it 5.
4-2 SUS 321 HTB s RKE

SUS 321 HTB $f 4 kb, BRI L T &
sfEEIR SUS 347 HTB 8 & U@ o 2B 4R34 0
O, HERLBDORBC Eibrot. flzir, EE
{EAAERREEAY 1200°C Tk {LABRIRE OfS S E 1
R THEVRHBINE B L%, SUS 347 HTB
RTINS KREL B L THB.

CoB&IE TiC » NbC OREMDHZEEHZ LT
WH b0 r#EL bhs, TiC OBEMERTIR(S5), (6)
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Table 4. Calculation of precipitating TiC and limiting grain size when softened at 1250°C

and followed by lower solutioning temperatures.

Solutioning Precipitating Volume Limiting grain size
temperature Undissolved ’sro‘l(\:xt?(:nli%:er f,r;ac;;‘;g_ due to TiC ppt
TiC (wi%) temperature pitating
(wt%) TiC (%) Eq (3) Eq (4)
1 250
( As-softened) 0 0 ¢ - -
83.5um 65. 6 um
1200 0.0246 0.0246 0. 0399 (GS 3.%) (GS 4_%)
18, 2pm 14. 3pm
1150 0.1129 0. 1129 0. 1832 (GS 8.3) (GS 8.9)

Table 5. Calculation of undissolved TiC and
limiting grain size when softened at 1050°C
and followed by higher solutioning tempera-
tures.

Limiting grain size
Volume fraction due to TiC

Solutioning Undissolved " 4o 10cq precipitates

temperature TiC (wt%) :
O e Eq(3) Eq(4)
1250 0 0 _ _
1200 0.0246 0.0399 ( élss_%mz;) (gzssg;“
1150 0.1129 0.1832 9L 0pm 7L 5um

(GS3.6) (GS4.3)

CFRT I REENA—ATFFA v RAT VAR L
TRIBIR T HW19,
log [Ti][C]=4.46—8900/T
log [Ti][C]=2.97—-6780/T
[Ti], [C]:wt%, T:K
#F (1) NbC OBMERCHENS L TiC XBEMRER
NERELBEBLOTVWC &b 5.

BRALRE%S 1250°C & X 08 1050°C & LT, &fEh
TE 50% %4 %1181 1150°C & X o8 1200°C T
BALBUVE A LIc B AT oWT, R (D) DRMERY
FACRR RS SRR & 3 Lc. 1250°C BK{LoRER%
Table 4 wiRT25, BAMMMNEIZE Fig. 10 0%
EEcof <, EBRSMEF T a8 TiC X
DIERBIENREI RS EEZ bhs. 1050°C BKILH
DO RS RREOFHEMEE Y Table 5 R34, BEE
(bBEEE 1150°C T Fig. 10 OEBRE TG
ERIRE & e A AL, 1200°C CIREHEEEERER < B
TELLKREV. ZOEBRECIRER TiC &
PIEFIEAI L, Ti & E iy SUS 304 ScHpiL
EBAIRT D EE L bR, REWRLw X )RR
g ERIRD oo TRV EBbhs.

ETLBUEREEN 1200°C Bl Rcis s 555 b g
CRIETHALREOEEIV/NE L b DX, BREREN

*x2ih, C Ti pUzEAFX BB LTI DTS
%. Steel J o#i#, KEWH TiC HHRTHEETK
(5)CEtETH &L 1215°C L7 nh. o BEL LTHE
WS T2 & C, Ti 3EEL W50 CERLRE
DEENBE NI e, HANTHIK X 2 ANEMED
FHERBERTERL LD Z Eibnb.

5. # %

ZE(LE A5 v v AR SUS 347 HTB §i%s X 0 SUS
321 HTB $A&5 b B RS0 P E LR
FREERZERNTHELUTOEEYTHS.

(1) SUS 347 HTB, SUS 321 HTB#i& bz, B
W7 w e APE RN ECEEY T L, KRRE B
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