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Effect of Additions of Ti, Nb, V and Ti, Nb, B on Creep-Rupture

Strength of High-Mn Austenitic Steel

Tohru MIMINO, Kazuhisa KINOSHITA, Isao MINEGISHI, and Takayuki SHINODA

Synopsis:

The effects of further addition of V or B to 182, Cr-69,Ni-8%, Mn steel with small amounts of Ti
and Nb, which has been found to have high creep-rupture strength and to be very economical, on
creep-rupture strength are investigated.

As a result, it was found that the addition of V in the range of 0°3 to 0:5% is effective to raise
the creep-rupture strength at relatively low temperatures(600 to 650°C)for shorter times and the addi-
tion of B up to 0°059% is effective to raise the creep-rupture strength at relatively high temperatures

* (650 to 750°C) for longer times. The effect of V is considered to be mainly due to solution-
hardening, and the element rather accelerates the coalescence of carbide at high temperatures. The
effect of B is considered to be depressing the precipitation and especially the coalescence of carbide.

These steels have to be improved further for practical applications, i. e. both steels have considerable
amount of delta ferrite resulting in poor hot workability, especially this is further pronounced in the
boron bearing steel due to the existence of boride within the composition range of this work.

The resistance to high-temperature oxidation was also investigated for those steels in air and in gas-
turbine atmosphere with blast furnace gas as fuel.

(Received Dec. 11, 1969)
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Table 1. Chemical compositions of the experimental heats (25).

_ Ti+ Nb*
Steel o] Si Mn P S Ni Cr |N(Sol)| Ti Nb V/B |——
C
MI | 017 0'81 | 827 | 0-036| 0-015| 634 | 18-15| 0-0096 | 0-06 | 0-11 — 016
M2 | 0°17| 082 | 853 | 0-034| 0-013| 634 | 18-25 | 0-0077 | 0-06 | 0-20 — 0-20
M3 | 0-18| 08 | 835 | 0-020| 0012 628185700113 ] 0-08 | 0-11 — 0-16
M4 | 017 0-8¢ | 8-41 | 0-032| 0-012| 6-22 | 18-57 | 0-0204 | 0-10 | 0-20 — 0-23
MV 1 | 020 06l | 813 | 0038 | 0014 | 634 |18:15]0:0102| 906 | o010 | v0'37 | o-14
MV2 | 019 060 | 812 | 0033 0014 628 (1823 |0-0100 | 0'07 | 019 | #7050 | g-22
MV 3 | 021] 049 | 838 | 0°030| 0012 | 6221857 [ 0-0050 | 9*12 | o'11 | #0°50 | @-21
MV 4 | 0:21 | 050 | 834 | 0-030| 0013| 599 |18-57 | 00046 | o'11 | 18 | #0°45| o-24
MV5 | 019 063 | 822 | 0027 0019| 5691800 — |012 | ¢'14 | #0:57 | 0-25
MB1 | 017 08 | 827 | 0032| 0009| 6:28|17°96| — |0-044| 0-11 | Bo-010| 0-15
MB2 | 017| 08 | 853 | 0032, 0009 6281787 — |0-045| 011 | #0-018 0-15
MB3 | 018 08 | 835 | 0-031| 0007| 593|1804| — |0-034| 010 | #0-036] 012
MB4 | 017 084 | 841 | 0031 0007 [ 6:22 |17-87 | 0-0078 | 0044 | 0-10 | #0-041| 0-14
MBS5 | 016 05 | 7°65 | 0027 | 0-012)| 6:22 | 18-38 | 0-0078 | 0-048 | 0-074 | #0-050| 0-12

* Atomic ratio
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Photo, 1. Microphotographs of 18-6-8 TiNbV steel after solution treatment at 1 100°C.
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Photo. 2. VI—\II’icrophotographs of A18—6—8 TiNbB steel after solution treatment at 1 150°C.
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<~—> Rolling direction
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Photo. 3. Microphotographs of steel MB 5 as rolled condition

and after solution treatment at 1 100°C.
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Fig. 1. Creep-rupture curves of steels M1 to M4 and MV3 to MV4.
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Photo. 4. Electron microphotographs of 18-6-8 TiNbV (MV 2) after creep-rupture at 650° and 700°C.

¢ indicates applied stress (kg/mm?).
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(g) MB4: 700°C, ¢=18, 308 hr (h) MB4: 700°C, ¢=10, 6329 hr EHTET D OB RNIR 2R & FILAR

Photo. 5. Electron microphotographs of 18-6-8 TiNb B
(MB1 and MB 4) after creep-rupture at 650°
and 700°C. ¢ indicates applied stress (kg/mm?).

RS O RGEIT X 5 Ribii TR O EE o £ Lo kT
% MB4 iz owvT Fig. 9 T3, MTHL»A LS
i, B 2T 52 L2 10T, BFROBKEEREHT
TZDBNTVWDZ EHhbrs. LaL, filbL7: 650°C
DERFHEEIE 600°C 123\ T BRSO 2 Y — FRENT
SREEDS B R2TRANL e VA L b 0K e D T 203, B
BOEDOBPLHBATHZ &3, ¥l

oW Th, Rl &RROFHIC L
DCITI Dk, TOREBRIC X D &HER
IRBEVC 1 HRETRIZ Fig. 11 1
TTEBYT, ZZHHED® 18-6-8 TiNb fHoD
fHEZRL 7.

T kg, MVS SHORFBETEIZ 1200°C TH
LEmWVES, FNT3 18-6-8 TiNb X 0 2K\ .
Dllh&2ad s s, MV5 SHOEINTHIT 18-6-8
TiNb A X h L 50, TORTIX 1200°C ki) 5
il —F X\ £ T, 500kg fMBEE fBEL T BLEL
7EFE 130mm O @R A2 v r ATy - I
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768 % & 5 56 4 (1970) 56 %

-2 ' ' -
x10 18-6-8 Ti Nb V steel '
ISf— cemm-e IB-6-8 Ti Nb steel

]
B
£ .
3 10 ° - .-—“/
K E ° .—o__—--'—_?.—-‘""-asc . o
i 700°C{ oI5 650°C
= _._____—-“‘ .____-—"
lon o=
58 i ——
= |ecssmmenet— - -
- 5 P
=
[+
-
2 -
L A L1ty 1 PR I " i il L . n X A
4 9
10 ot Yol 10 10

Time 1o rupture (hr)

Fig. 8. Relation between time to rupture and mean diameter of carbide precipitates
of 18-6-8 TiNbV steel.

. T ]
x10 18-6-8 Ti Nb B steel
1S -==—- 18-6-8 Ti Nb stee!

———
-

Mean diameter of carbide
precipitates {u)
1
1Y
1
1
[}

\

\
\
[
\
3
\
1

L 1 1 11 14 1 1 1 P 11t 1 L 1 L L b3 1 L1 11
10 10* 10° 10* Tk
Time to rupture {hr)

Fig. 9. Relation between time to rupture and mean diameter of carbide precipitates
of 18-6-8 TiNbB steel.

20
. 18-6-8 Ti Nb o
5 18-6-8 Ti Nb é/ \
@ i DN ) / 5
= -
% . \\‘c- C
o !0 [ = S~a
: \ ) Yo}
£ | — 3
2 s 18-6-8 Ti Nb vV (MV5) ~
e} |
" 3 %-e TiNbV (MV5)
° oo 1150 1200 1250 = 5 \
Testing temperature (°C) 2
Fig. 10. Twist number to rupture vs. testing ©
temperature of 18-6-8 TiNDbV steel.
FHAT Zh EL raRy X o>THE
HRT X DBEZEL, &5 :Faﬂ?l‘izi% 5}&. o 00 50 200 250
50'8mm, PE 8'0mm OWELEELIC. ZhHO Testing temperature  (°C)
HBEEDOFRIL, RIEL P DHESS <, RS Tig. 11. Critical reduction vs. testing temperature
FUSTe s s mTEoRENRELN. T, of 18-6-8 TiNbV steel after oblique rol-
FTCRRBRRIEDIT, 6—7=F4 bB2AD ELTH ling.

— 108 —



!«

A

B Mn 4—~2RF7F4 VRO Y — THEIEREICISXET Ti, Nb, V 3sx* Ti, Nb, B iR 769

x10°

70
| 000°C x 1 000 hr

60
Y
50 2
= %
fuo ?
| 7

20 H H

Oxidation loss
o)
._I_
—H
B

]
]

18-6-8 Ti Nb V ‘§N§§§x‘k ANANNNY

18-6-8 Ti Nb
Cr - 20Ni
22Cr — 22Ni

B
18-6-8 Ti Nb B ANl

18-8 Ti Nb

Type 304
Type 316
Type 321
Type 347

25

Fig. 12. Oxidation losses in air at 1000°C
for 1000 hr.

DT, Ni NS 2w HEE LTI 6—-7 =
FAMPBECLNISCTREHREIN D LD & E b
5.

(2) HIRCR T 5HE b

BIRICH T HME bV LI, R+ ORE
KX DOTIEWITRERENDHS. T T, KRAPIC
335 1000°C HIBADEER L, H AL — ¥ L0 IREEE
HAFREAR BT 5RERELTRT.

REHIT IV T 1000°C T 1000 hr Jn#h L 73540
Hib®Z Fig. 12 WRTELEDTHD. HII7371
INITN2@\T >0 F— X OFHEEY. KEWET DT
YV OEERL TV 5.

DRI DHE, 18-8 FRF L LREITE D
DEND D, 316 BEASE GHIEELEASEL, 347 KGN

x10°
70
In gas turbine
60 670°C x 5760hr
50
€
N
= 40

30

Oxidation loss
]
|
—
W |
N |

20

\™
A |
N

=
3
=

Type 304
Type 316
Type 321
Type 347
18-8 Ti Nb
18-6-8 Ti Nb
18-6-8 Ti Nb B
18-6-8 Ti Nb V
25Cr-20Ni
22Cr-22Ni

Fig. 13. Oxidation losses in gas turbine combustion
gas at 670°C for 5760 hr.

Aah &<, 316 B 1/6 BEED fEbEEx wL T
Vv, 304 BUgH S 316 B - o EIIEFIT/ I V. 18-
8 TiNb gi®yx 321 # 2 347 BIgROBEIOEAE LT
WhH. WHEARE 25 Cr-20 Ni, 22 Cr-12 Ni $8ix = 41
ST L TR 51 I Wl b s R L T 5.

Thvn L35 L, 18-6-8TiNb iz 316 AugH &
FRET, IV ZEmML 7 iz biRas i
Ly BEHEMUZEIZX S CBLREOEMAZEL <,
18-6-8 TiNb /D 22 LWt b, Tihbh, V
Bilzok 5 mRoXKHT i) oiEsbiEicst LT
BIFEL S BVWEELBEITL, 2B .

WHOF AT -, vwbhbwEIse—X Y4500
LIFENSRIT, & — € 2T 2 EEIZERIIK A S
DX D BRI O THER L v InBhES N 5D T, B

Table 2. Chemical analyses of dust in gas turbine combustion gas (wt%).

Ig. loss C SIOZ MnO NiO CFQOQ FCQ_Og AlgOg M003 VgOf, CaO
31-8 20-31 4-28 0'6 Nil Nil 36-31 3:84 Nil 0-07 0-34
MgO PbO | SnO, cuO | ZnO ' Na,O KO | T.S | Frees cl P
11-46 3:66 ‘ 1-08 0-16 16-26 ‘ 1:00 0-43 5-22 4-16 I 1-32 0-13
1
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PG 2 —EEARVWSEWE SO TVSE. T
OB ARER, BENGVWL L, BRE GFEY
2) FDF A MNCXBERE ST HLIT, LIELEM
HErEo LTws. 3N, IR 2 DIREEN 670°C
BEOEFTC, 3 5760hr FiE L 7.

SREREEELY Fig. 13 WRTERDT, KEELDL 4
IFTODF—FHETHRL, XOFYEEXHESZ 7 TR
bBLTHD, 22/NT Y EHRKEVD, 18-6-8 TiNb F
TR VIRMEAS & LS LREN K E <, Bifmin: Zh
KWW Td. UL, TROMEDEOEIINIL,
X5z nbid 18-8 TiNb gH=e, 321, 347 BISRLS & [F
BETHS. tNLOHRTIE Mo &% 316 BIEN S A
HER LR EDS K E V.

TOHAZ — o OBREST 2D F R O, &
i 1 #l% R Table 2 WFET X 5 b DT, Fep-
0O; & CoEsiciE ZnO, PbO &%\, NaO,
K,O L LTHIINTWAET VA VEBIETH 50,
INSEMEEAIERT 20+ SHEENTWD
DT, VWhdLHBEEROCRELELDZ LS. ViOs
DOEFIIECEMBEILDT, NFUIT LT Ey 7 OREIIC
B EVEFE T S, T ovh Y &R O BRI
LhDEEEBIIETIERIELLND.

TDRXSKFAMCIOEBBEREZERT D7D,
BAEL A b L FERE (0°015g/m?) D Fa<w4 MGD
WREALEBINLDTED, LRAAHBEHERD Fo
24 FERERAAFLIREETDLDTHSH. ZORT, &
<1z 316 BISHOEM LA K E VA5, FEREIT ZBRnEh
BN T35 316 WD RERAE & —HL
CTWw5b. Lo T, Z0X5EMRALHRL T3,
V OFEINIETFO< A4+ ATiEdH 55, 18-6-8 TINbV
oMb 316 X H L THAHS L Bbhb.

Slbxgads s, V £ Boimmix, 18-6-8 Ti-
Nb fAOTELEERETRT 55, TOEE T 1000°C
DRKGPICE T BARREL, A% - ORREEEE
HAFRSF CEVWTIE VRKEW. LaLl, &K
Ni #5611 T Mn 2&En7c 18-6-8 FRIAD MiEk{Lik
1, REPTIWTIX 18-8 REFL WEFETFTLH P, FHA
4 — BRI TEIPZOTRIFELALVWTHS.

4 E =

41 V ZmMOBHRICDNT

V 133 N AL AERITE TR H 5903, Ti, Nb /&
E &S, TORA PR Y. 188 27 v
Z I BTN X A IS T EIRRE 2 TSR
5 E0S HEDH DR, FEDLODOPRDIC I,

KA EDOTREDHRIINRIKRE . TDISHH
B SAEOEBREIE LD TH DN, FHRDOL D
W, ™ Mn #—25 34 b Ti, Nb #fnz, i
KX LI VEMAERTRELVERBEOUEIE
Y A A

SEOEBRERC IhE, VORIEMEBE KT 58K
i, EEBEEV M 2ED T, EiR T bia el
WWHBbh, Lrp 700°0C PLETRENLD FHRITEDH
WERRNC T, A LOMmRMEIT SR EL
TIIE LA ERLEDTLES.

ZDXSNHBMELXETSIOELT, RILWD
BEREZTHDE, 650°C 2 700°C iTk\C 1000
hr DA B TR RICHRFENLVE RML SV E D
ESELILD, TEIERECKRT E B LTV,
F70, MElodhiciy, £ 2B C T, MyCs LISt L 2
Sivs &5 RO R O AL HR b Tvisy. L
72hE T, 650°C kX Of 700°C i k13 5 RAEGHIAIOME
FEOETRAEL LT MxCs RbmogEHRKILIZE D
EFEZTIWTHAHS. ZhiRHFREILNIE, ThET
DERER 2 ) — FREEBEEI, DT MG D4 EGH
L X 2T LALNTETCNDEEZZILND.

Fhox v SRR OEE A ORE®E X DI, R
Lo S EEC X DSBS e K OFR % Frohis
BT, AEL TV BRI Ok 55T V-
L sBCHELTVWS ERELOREVWT EE, V
ENRHEMSRTRVWESIRSEbR LW &b, V
OEEELAE E L TERRMOEEEZ ERSETWD
LtEzphns.

Fi, V BEET DI EREDT MyuCs DEHE
PEL 7B T LV, HICEET B VR RILIOkITE
DB RET HERAMBH 2D ELEZOLND.

42 B B{mMOBRICDNT

TCIGR A X 5T, BRSO mALidisme s
LD RTEFCRERENRE . £z, 650°C D&
TR L 72 38U (Photo. 4 (2), (c¢)) DAL
RIEE M THS. LEKoT, Ihi hiEEi, £
72¥k 600°C IR\ Tkl v BRI TH, WHIRILD
DR FEINESTE DD, WHIRTEET, SEGE LD
RN S THRLEBDTREVIE ZEZLNE. %
7, ZOXSKPEITD, BOBBERIEECAL O
T, BAEELTELAEHIRFTE T, Lo THED
EEERERMNITIEBORMCE2THr22To2 Y — PRk
WEEERETT20THS 5. HENEEERMIC KW
T, BN X 2 7 BACRL O 5k B X OB V3,
)~ THEGRED EARFEL TW5 Z LRHLAT
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W Mo A—~R7FA PADS ) — THEBEIC S XET Ti, Nb, V 35X Ti, Nb, B ifno&s 771

=1

HEOEVWERENE ERIE IR FEINE Lo T 5.
LD HBWT D, MIMCHET 5 B Fii+ <
MyuCs THDZ L2 BFREO ER» 5 BRIH
7o

L3>, 18-6-8 §iix, &> Ti, Nb oifmic
LT, BWIRTHERAPIC MuCs RILOITH, 48
BHHESNTIDRZELERD, FRABOEINIC LT
ST KELINSLELZLNSE. chboBE
&Y — FHEEE ORI LV —FE R L, Btk
FHRHIATH 513 EMERE .

LU, DLEDERT X -HMBENOMKOEIT, ZiR]
ITHDEL, ZOFETRERMELTHALIC QW
DT, ERMELCRILIZHBOR/MSEBINDS.

5. & g

& Mn % — 2554 MR (189 Cr-69, Ni-82 Mn)
CiED Ti, Nb 2RIMLAZMICX 5 VEAIE B
mMLT, ZROEMTEOEBZTEL, »Fnr>
BEERE 2.

(1) 0'5% BEOVOIFMICESTY Y — LHkE
BV LB IRIR, ERERIEIT LR T 5. chiiks bV
DEERLIZ I 5H D EEbh 5.

(2) VOmEhnidyrz > CTEIRI I\ T tho b
CHHT 2RI (MunCe) DBRBEX(FET 5.

(3) FEBRLZHKOFEEAN TR VORI 6—7 =
T4 MO AREEETFTELL, BMNTHL B3
B3, SBH DEIEICHEZ e ViE E TR .

(4) 0.05% %£TD B OEHEIIC L DTS Y — FHERT
EE I EARIBRERAT LR TS, S Bt
WOBEAREZ AL 2b0THS.

(3) EBRUHEKOHBENTIE, BORINIZARIM
THEARRIRIZEL TS, ZhIBEIA FE 6—7 =54
PEERT 57D THAS. ERWMEL TRFETS 720

CREHLIEHEBORMDSH 5.

(6) BRIV DB LM —RICVE/21E B DR
M X D>TIET 4505, 1000°C OKkGHIZVTIEB
DEFEIMC X HETHEL L, 670°C D H 242 — & ki
BAZHRIZINTIE V ORI L S KT OIESH KX
V. —fRIZE Mn F—2F 44 MO TEE LT, K
SHPIZEVTIE 18-8 Bt — 25 54 AL H S 528,
WAL —E DREFAR TR PIDOTIVLSNTH
5.
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