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Study on Development of High Mn Austenitic Heat Resisting Steel
—— Choice of base composition and the effect of small additions of Ti and Nb ——
Tohru MIMINO, Kazuhisa KiNOSHITA, Isao MINEGISHI and i‘akayuki SHINODA

‘Synopsis:

High Mn austenitic stainless steel has been developed for high temperature applications especially
for boiler tubes. The most suitable chemical composition has been found to be 1824,Cr-694Ni-89%Mn,
the structure this steel is almost wholly austenitic and its properties of creep-rupture strength, resistance
to oxidation at elevated temperature and hot workability are comparable to those of type 304 steel.

Small amounts of Ti and Nb have been added simultaneously to this type of steel (being called 18
~6-8Ti Nb steel) to improve the elevated temperature strength. The carbon content being about 0-29,

_ the optimum amounts of Ti and Nb have been found to be the atomic ratio of (Ti+Nb)/C being
in the range of 0'1 to 0°5. The resultant steel has considerably high creep-rupture strength in the
temperature 600 to 700°C, and is believed to be very economical steel for high temperature applications.

The mechanism of raising the creep-rupture strength due to the additions of Ti and Nb is considered
to be to depress the coalescence of MgCg carbides in the grains and on the grain boundaries and to
make the carbides dispersing very finely within the grains during its use at high temperature. This
mechanism is seemed to be the same as in the case of 189,Cr-109,Ni austenitic steel.

(Received Jan. 21, 1969)
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Table 1. Chemical compositions of high Mn austenitic steels melted for the experiment.

N
Series Steel C Si Mn | Ni Cr P S

l Sol. N | Insol. N | Total N

S1 0-04 0-48 556 2:11 1791 0014 | 0-014| 0-0471 0-0001 0-0471

A S2 0-06 0-44 7-29 1-80 17-64 | 0-014, 0-013 | 0-0476 | 0-0CCO! 0-0477
S3 0-07 0:40 8-72 2-08 1729 | 0-014; 0-013 | 0-0468 tr 0-0468

S 4 0-07 0-38 10- 14 2-00 17-02 | 0-014| 0-012 ] 0:0460 | 0-0001 00461

S5 0-06 0-43 5-72 E 4-18 18-17 1 0-012| 0-011 | 0-0341 | 0-0001 0:0342

S 6 0-07 . 0-37 7-78 : 4-09 17-73{ 0-013 | 0010 0:0351 | 0-0001 0°0352

S-7 0-08 | 0-33 9-30 4-04 17-29 | 0-012 | 0-008 | 0:0375 tr 0-0375

B S8 0-05 : 0-55 10-30 3-89 1730 | 0°C08 | 0-008 | 0-0442 tr 0-0444
S9 0-04 0-53 14-27 4-11 18:27 { 0°0l4; 0011 ] 0-0484 | 0-0C04 0-0488

S10 004 : 0-50 16-46 3-93 18-01 0'Ci4 | 0'010 | 0-0470 tr 0-0470

S1i 0-04 | 047 19-10 3-82 17:30 | 0°014 | 0007 | 0-0440 | 0-0002 0-0442

S12 0-03 0-43 {22-00 3-70 16'94 | 0-014 | 0-008 | 0-0432 | 0-0003 0-0435

S13 0:07 043 4-23 6-08 18-:08| 0-014{ 0°012 ; 0-0390 | ©G-0CO1 0-0391

S14 0-07 0-38 620 5-92 17:82 | 0-012 | 0-013 | 0-0382 tr 0-0382

S15 0-08 0-37 7-48 5-87 17-56 § 0-010| O0-011)0-0385| 0°0002 0-0387

C S16 0-08 0-33 8-35 5-71 17:29{ 0-011, 0011 0°0374 ! . tr 0-0374
S17 0-04 0-49 11-75 6:10 1862 0-017 | 0-011 | 0-0416 | 0-0001 0-0417

S18 0-04 0-50 14-18 5-85 18-0t | 0-016 | 0-0l2| 0-0418 | G-0003 0-0421

S19 0-04 0-46 :17-26 5-75 17-38 ] 0-016 | 0-011 | 0-0418 ! 0-0002 0-0420

S20 0-04 0-45 | 20-20 569 17:03 ¢ 0-014! 0-011 ! 0-0382 ' 0-0003 0-0385
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(a) $10, 18Cr-4Ni-16Mn(1100°C)
(c) S16, 18Cr-6Ni- 8 Mn(1100°C)

treatment at 1100° and 1200°C.
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Fig. 1. Change of volume percentage of d-ferrite
vs. Mn content of the steels solution treat-
ed at 1100°C.
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Photo. 1. Micrographs of 189, Cr-Ni-Mn steels after solution
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Fig. 3. Change of hardness after solution treatment
vs. Mn content. ‘
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Fig. 4. Relation between volume percentage of §-ferrite and

hardness after solution treatment.
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Fig. 9. Change of creep-rupture time vs. Mn content.
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ed at 1100°C.

-7 4 MBEVWHEEE D 0L, s HOBEV-E&ERIL

SWPERL2TLADDOT, FELLkw. Tibb
7ok ABIERENRTHHOTH,0-7254 b 2ELH
EEEEHEHE ST IS AAREEFE LA EH

Eihs.
24 ¥ =

ChEMRFzz itk D, EAEETHE, HEMnA—
25+ 4 bE LTI, Ni % 6%, Mn % 8~10% o
BEIC TS, £IC, N¥ELLELTHhIgEAY

§-7XT 54 bEREERVA—RT F A4 MEXBZ S, o
-, WEEbiE, 2V —THEEE IR THS.

L 7zas

ST, Co-Ni-MnF#& — 25 + 4 IOEAMARIL18%

Cr-69%Ni-8~109%Mn 2BEIFEYUTH 5.

ESBERKGCmMET 5O TREVIEE X,

UTOEREH o7, (LITF 18%Cr-69Ni

-8%Mn $H% 18-6-8 $RL X .5.)

3-2 HRAMEIUERAE
FEaVE, 18-8 §lic i@ e Ti, Nb winx 7 (LIF
18-8 TiNb #+ X &) LFEDE 2 ET, C 2EDIC
L, ¥ 0°29 #i@#e L Liz. Zhicifmi~& Ti,Nb
BEORMEEL, FORMOREEMB DI Ti,Nb &
Mz (MO) &, C/(Ti+Nb) ORFrtaZEx7
8 (M1~M4) % 4 BAFEER L. Zh5id 50 kg @ fE
WFE AWML, 50kg €71k 10kg @t E Lo,

260 T l
240 |- 60Q°C ;
= i. L
220 — -9 =<3
200 k ./ ”’,o . ‘
180 |-F === -+
160 }
240 - 700°C ]
| . e\ |
£ 220 o 3~_0_1
[ / t
T 200 |- / \ ’ : v
g o ' y
180 2 o===-0 [8Cr-4Ni-8Mn (S 6) 4
[ g
@ e——s |8Cr-4Ni=16Mn (S 10)
S 160 t
2 ] |
]
240 800°C 0v".—_‘__—_‘__’/,/
L
220 |- S :
b |
200 |~ _s--3 |
160 o= === ==0==2==0=o 2 .
160
as sot. (O 25 50 100 250 500 1000
freated Aging time  (hr)
Fig. 12. Change of hardness vs. aging time at

various temperatures of 49, Ni series
of Cr-Ni-Mn steel after solution treat—
ment zt 1100°G.

— 43 —



908 &% &

% 55 £ (1969) %105

TN HOHE AL R C/(Ti+Nb) ofEiix, 18-8TiNb 3
IRTHEFEER4FMENBET H BT & B 24D
T, D2WCREEOF*KiIZX Y C/(Ti+Nb) fE% 4
T 5 X5 BER2ED T, Ti, Nb 08%FnFhb
FTHrEELIERIDR 4 F v — o (M5~M8B) 58l

220
200 600°C
180 I ® T ;
[ .
eoflst—T L o 7 7 [ ]
e, e e O —m Q== F
140
120
7OO°C°---O 18Cr~6Ni—8Mn (S 16)
. 200 |- e——e |8Cr-6Ni-14Mn (S 18)
2 QL o 2 ) 1
2 160 "L)n(-———a-—-s—-c{)-——-é——o-——(l)
£ 150
=
o
> 120
200 |- 800°C <
180 |
Q e k)
160 _(';Q) ————0————--———'——-L——O
[o] [e]
140
120

As 5 10 25 50 100 250 500 1000
sol. treated . .
Aging time (hr)

Fig. 13. Change of hardness vs. aging time at
various temperatures of 69, Ni series of
Cr-Ni-Mn steel after solution treat-
ment at 1100°C.
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Table 2. Chemical compositions of the experimental heats.
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[N RN NS, NerNe R RE,]
OXN O — O~

o
NS
[\

%09 0900 0 9 00 1 2
09 O) —— 05 O
ERSvoocoRO

-0:032

0- 006
0029
0-031
0-032
0-034
0-036
0-034
0:020

0-010
0-013
0-013
0-013
0-013
0-015
0-013
0-012
0-012

17-84 tr tr
16-68 0-48 0-63
1785 0-21 0-21
17-89 0-094 0-11
17:77 0-048 0-055
18-15 0060 011
18-23 0-060 0-20
18-57 0-080 0-11
18-57 0-100 0-20

0-0109 0

0-0169 1-11
0-0204 0:50
0-0098 0-19
0-0087 0-065
0°0096 016
0°0077 0-20
0-0113 0-16
0-0204 0-23

e
5 00 D e D DO
NERRGoZR®

*  Atomic ratio.
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Fig. 14. Relation between creep-rupture strength
at 700°C for 1000hr and atomic ratio of

{Ti+Nb)/C.
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Photo. 3. Microphotographs of 18-6-8 TiNb steel after
solution treatment.
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Fig. 16. Stress-rupture diagram of 18-6-8 TiNb steel.
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Fig. 17. Rupture elongations of 18-6-8 TiNb steel.
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Fig. 18. Results of hot twist test of 18-6-8,]TiNb
steel (MT1).

Table 3. Chemical composition of 18-6-8 TiNb steel used for practical experiment. (%)

—
Steel I c Si l Mn P S Ni cr | T | Nb | N (ol | PR
MTI | 017 | 060 | 7:64 | 0-080 | 0:021| 581 | 1756 | 007 | 010 | 0:0077 | 017,

# Atomic ratio
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Fig. 19. Stress-rupture-diagram.of.welded.specimens of 18-6-8 TiNb steel (MT1).
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