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Improvement of High Temperature Strength of Type 304
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Stainless Steel by Small Additions of Titanium and Niobium
Takayuki SHINODA, Tohry MIMINO, Kazuhisa KINOSHITA and Isao MINEGISHI

Synopsis

A heat of type 304H steel which shows the highest creep-rupture strength in the tests of our laboratory
has considerably high creep-rupture strength at long times and seems to have even higher strength than
that of type 316H steel. 1f such 403H steel is always available, the profit would be expected very much
to reduce the construction cost of boiler plants.

The difference of the strength in commercial heats can be explained by that of the electron microscopic
structure, showing that the heat of higher strength has very fine and good distribution of My;C type
carbides and they have a resistance to coalesce to longer times-due to the presence of small amounts of
titanium and niobium. An experimental heat of type 304 steel containing 0'16%C, 0-10% Ti and 0°15%,
Nb had much higher creep-rupture strength than that of type 316H steel and showed itself to be very
much economical new stainless steel for high temperature use. And also it was found that at C/(Ti+Nb)
atomic ratio of about 4 the maximum high temperature strength is obtained and precipitated carbides
distribute themselves very finely and uniformly.

(Received June 13, 1968)
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Table 1. Chemical composition of type 304 austenitic steels used (wt 9%).

) . . . C/(Ti+Nb)
Series Steel C Si Mn Cr Ni Mo N Ti Nb atomic ratio

A Ch.A | 005 0-55 1-38 18-12 10:03 tr. 0-0273 | 0-014 tr. —
Ch.B 0-07 048 1-44 18-25 9:45| 0-32 [0°0472 | 0-014 1 0-003
Cco02 0-02 057" 1-33 18:73 11:04 — 0-0329 — —
Cl12 0-12 058 1-33 18:56 | 11-09 — 0-0324 — —
Ccl17 017 055 1-22 17:85 10-04 — 0-0328 — —
CcC23 0-23 055 1-32 18-56 11-09 — 0°0356 — — —

B Mo?2 0-08 0-45 1'56 18-98 10-51 0-24 — — — —
Mo5 008" | 0-44 1:51 18-81 10°74 | 0-53 — — —_ —
Nol6 | 012 0-51 1:45 1650 9-80 — 0:0164 tr. tr. —
N115 0-12 0-60 1-40 18°11 9-62 — 0-1154 tr. tr. —
TO02 0-12 0:74 1-28 20°55 9-16 — — 0-02 tr —
N B34 014 0-58 1°50 i15-59 11:56 — — tr. 0-34 —
TNI1 003 0-70 1'51 17-83 | 9:57 tr. — 0:10 0-18 0-62
TN2 | 014 0-68 1:45 17-65 | 958 tr. - — 0-12 0-34 1-89
TN3 | 013 0-58 1:47 18-47 | 9-86 0-43 — 0-09 0-29 2-15

C T N4 0-16 0-50 1-45 18-20 9-86 tr. —_ 0-08 0-30 272
TN5| 016 058 1-47 1829 | 9-16 tr. —_ 0-09 0-13 4-06
TN6| 012 0-68 1-20 20:28 | 9-57 tr. — 0-02 0-10 680
TN7 | 012 0-72 1-14 20°37 | 9-27 tr. — 0°03 002 1190

P=0-07~0'018, S=0'009~0°'024, Cu=0"02~0"04
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Fig. 1. Creep-rupture curves of type 304H steels.
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ED Ti XU Nb o2l k.

304 BUSBIC S TN BMED Ti & Nb i 3E{LHMs;Co
AMABICHTIR S, SORXOBRERELZELED L
BEA LT LRk, DO RILI o SEEh R
I o THBEOMENLTENTVWELDEELLNRDS. T
® Ti & Nb OZFEAEMAD C/(Ti+Nb) OEFfI4D
LELOLIAELWLEFEST S L@ T T~
LZATHBHD, ZOZEFEC DS5HLL/428 Ti &
Nb {2 X>T TiC X0 NbC OB TEEIIEL
T, OO 3/4DCH MpuCe &L TIHHET57EE
WETREL TWAS. LiehoT, ZOMyuCed s ) —Fr
BT BHF A TiC 3 X0 NbC Off S 0EMIC X
2T, WRCH—MMCOHT2E5C530EEL
LN5H, FORRICOVWTIRE LEATHEBELR L
WX O THEMICHRE L TAHULERD D, SHOMES
THD.

5. & E1

304 HilD 27 ) — THEEREDF + — PR X DH/NF Y
FEMETL,Ti & Nb 2 EFMNL 72 304 B OEFHIRWE
B OoOWTHIRLER, 20 X5 kiEmrgohi.

1. 304 HEVZF » — DX 2T ) — THERBEE S
ZELLABRLY, xoRRBRLDONE, BERSIUS
BIORREIT LB L AP KREVEEZBNS.

2. Eithokd, BESIOCSTHOKRETIE S ITE
AF % Mo, N, Ti, Nb, Clx EOMERS DA
X5 EEZLNED, rTh Ti, Nb, C D35y
DREEROMRS—FKREL, BEELEZ DR,

3. 304 BUsMiciME Ti & Nb 2FEEICHRNTS LS
IREEE, I Tho Y — THENEENEL {HE\E N,
C/(Ti+Nb) OFEFHN 4 fHETRADBEZRT -

4. 304 AL oiED Ti & Nb iI@iRics
WTRILH) MesCo DI A DE—IT L, BEE

ErEL BLLTEB2RET T5ABDY, G/
(Ti+Nb) ORFH4METLDOERIDI2EIFEYT
WHRE O SEEa L XD CHRERXMLEIE530 L
Ezbhb.

5. AEBROGBTEDELHEDHEVH(TNS)2600°
C ~700°C 10000hr gi¥reapEss 316 HE X v & <, 700
°C Ty3 Esshete 1250 $HicUCHry 538E L7 5.

6. AFEBTHELNI, Ti & Nb ZERML 72304
RS, Eifi7e Mo 2~3% ZffAL 7 316 HEX D
BETLEDO IR HREL, Lrd o) — THREGRES &
{, ZORBEH®IRIFTHS.

Kb D CEMRILE N TAE RS ZBb D E LR
RIERFTEREPREEIBICHEERZERELET LD
T, AW DFER 2 5 Itz B AR E RN SxE it
TAEEHERERI UDERESFMCE RS V2L
T o

X 73
1) “Report on the Elevated Temperature Proper-
ties of Stainless Steels”, ASTM Data Series
Publication DS-S1, (1964) -
2) BE%, ER: & L, 52 (1966)4, p. 710
- 3) M. H. Lewss and B. HATTERSLEY: Acta. Met.,
13 (1965) 7, p. 1159
4) F. B. Beckirr and B. R. CLaRk: Acta. Met.,
15 (1967) 1, p. 113
5) ‘e xiE =1, 13 gk, 53 (1967) 4,
p. 570
Ex&E, 19 (1967) 4, p. 503
6) &H: g L&, 51 (1965) 13, p. 2336
7) Hl, 72, £E: gEMm, 45 (1959) 11,
p- 1276 o
8) Fll, ZB: &HMEHHRE, 4 (1961) 1, p. 1
9) 72 xE MZE, A, BA: g, 49(1963)
p- 613
10) )i, Z.B: $ &, 46 (1960) 5, p. 566

11) &AF: g &8, 53 (1967) 11, p. 1248

12) J. D. MuRrray, J. Hacon and P.H. WANNELL:
1.S.I. Publication, 97 (1966), p. 403

13) L. M. HopkiN and L. A. TavrLor: J. Iron
Steel Inst., 205 (1967) 1, p. 17

14) 8, )il gk 48, 53 (1967) 1, p. 46

15) ##R, i, FI: &, 54 (1968) 1, p. 48

16) M, #AK: #:8, 54 (1968) 4, p. 229

17) M, %M gk, 51 (1965) 11, p. 2123

18) wrgr, H)lf, WL gk, 54 (1968) 4, p.218

20) HE, KT, HH, £&: L8, 54 (1968) 4,
p. 464

21) =7, ¥ &£BE¥ R, 25 (1961) 9, p. 581

22) @E, B, K, EE: £BE¥&5 D
(1961) 4, p. 241 )

23) @E, K, EE, M £EESEE, 26

— 6l —



1486 % & 0

54 £ (1968) 14z

(1962) 10, p. 664

24) =4 &B¥ &3, 26 (1962) 8, p. 513

25) WM, FE, AT, %2 gL, #HD

26) #wE, A, EE, NI &£B%48EE, 26
(1962) 10, p. 669 '

27) fT#: #k 88, 54 (1968) 5, p. 584

28) HA: iR 123 F5 4%, 8 (1967) 2, p. 185

29) D. McLean: Mechanical Properties of Metals,
(1962) [Willy]
(B, k%A, iR &£BoBROEHE,
(1966), p. 329, k37 HiKR)

30) N. J. GranT: The Strengthening of Metals,
(1964) [Reinhold], p. 163 .

31) G. 8. AnseLL and J. WEeRTMAN: Trans. AIME,
215 (1959), p. 838

32) H. UnckerL: Metall, 21 (1967) 5, p. 419

= =D
— & -

(B @B RHINIAZERT  ERssss

Ti & Nb #EEAHRMINTWB Z LRI ELRS
HHDH. FTighbb, Ti & Nb OEEFEMTIIZLIE
Db Lp5HExr. bLADIS CHEXLLEDE

U 72 & 38 2 9.

[EZ] Ti 5wk Nb oBEMENOES L, Tik
X" Nb 0E&RMOEE LD 21T/ S5 &, BME
INE D DEETRMDIED 32 Y — FREETEE O s E
L<, &< C/(Ti+Nb) DOEFLOMEF4DEEY
) — FTREBRE SRR LB, fok 2UE, 015%Co L
&, Ti & Nb DSERIX 0°3% DITFCHEEVIEED
Eon5. Lo5T, NbEMFEMOG L L T, Nb0-34
%, C 0'14% % &%r NB 34 g 700°C ki35 2
) — THkiTARE (Fig. 4 (2)) &, FREDCCEE L Ti+
Nb #hng TNS §#(Fig. 8)D 7 ) — FRMIEE & &
T 5L, MEOMICEHS I3 H D, TNS fHH
BVIEEETRLTVWS. ZofER25L Ti & Nb 0%
HEAERIVE 304 BISHIC D W CIIFET R L2 bLS.

ZHAEROREI 2w Tk, Ti & Nb o R
XoTH ) — it 5 R M3Ce DRERE
DL 75 D, U 7o 30 C, il7e AL O S HURAESS X <
D, EEORMLECESL TWHEEZLNEN, X BN
OB LRI O W T L TR CBETRITHTH.
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