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Study of High Manganese Heat Resisting Steels.
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In order to acqu1re the econonncal easy—to—forge alloy, having an excellent creep rupture

llfe, various Kinds of alloys were prepared. That is, N-155 alloys with one part of Nickel-

and Iron N-155 alloy, replaced by Manganese and Chromium respectively, the ones with one
part of Cobalt replaced by Chromium and the ones containing various amounts of Chromium,
_N1ckel Molybdenum,  Tungsten, Niobium, Nitrogen etc, with Cobalt totally eliminated.
- The effects of these elements on the high temperature propertres were tested.
Results obtained are as follows. '
: The alloys containing 7 +a phases showed a more remarkable age hardemng property and
a cons1derab1y poorer creep rupture life at 700°C than the ones having 7 single phase.

.- The stable T phase was found to be the indispensable condition for acquiring an austemtev

' tA‘steel having an excellent creep rupture strength

In 6% Nlckel+10% ‘Manganese type alloys containing no Cobalt, the stable r phase could
‘be obtained if the Nitrogen content was increased up to about 0°8%.
composition showing. the ‘maximum creep rupture life in this type alloys was about 20%

- Chromium, 2°5% Tungsten, 2% Molybdenum, 19 Niobium, 0°23% Carbon, and the creep
rupture life of the alloy having the above mentioned composition was superior to that of

The residual alloying -

4N 155. alloy Furthermore, th1s alloy was easily forged and proved economical, it was named

‘ - 10M6N alloy

S N-155 £ddrorNi 20% @5 5 10% %RE
- OMn'T Bz CHHEEDOC, N &%bwmi N-155
' Aé—zb ktw\rf@fmt ‘)-75F9“flét>5:7ﬁb 5. B:H?EJVCL
#%%%mﬁeéw%ehe Lo, %iU%@ﬁ@ﬁ
Mn e X % 3 <t 7-Reshs bk L BRI O WA T
b ED BWE LI BEZDE4EIT No.il b
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RIESR L L, BEIFECS XET Mn, Cr %
%, 7 Co #4&<RE& Mo, W, Nb, Ni, N oD
- HEROREERHLELLS, Co BA R TR
 EOHELBREC &r;b,mWC®bv~fmw%
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L”C Mn % 10~15%, Cr % 20~30% O#iF TZ .
‘ 71250)“( Zv—731% 10%Ni,

10%Mn T Co+Cr
=40% T Cr % 20~28% OHFTEZ D TDH5.
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“Table 1. Chemical compositions of alloys.

Group | Alloys | Mn | Cr | Ni | Co Mo w Nb c CN Fe
No. 21 1°15 | 1930 | 20°12| 20°2 | '3°41 |.2'50 | 0%91 | 0°19 | 0-201| Bal

| No.22 9:82 | 2567 | 9°88 | 206 | 3°07 | 238 | 0°99 | 0°19 | 0°233| 7
2 .| No.23 8*88 | 29°0° | 9*34| 206 | 2797 | 306 | 0°72 | 0716 | 0°231| #
No.24 | 11%64| 19°25| 479 | 20°6. | 3°05 | 284 | 0°85 | 022 | 0°187 | 7.

No.24 | 1423 | 25724 | 491 | 21°4 | 276 | 2°99 | 0°80 | 017 | 0°185| #

No.30 | .9+24| 19°49 | 9°96| 2064 | 342 | 2°86 | 0°85 | 028 | 0°309| #

, ‘No. 31 9°12 | 20°24 | '10°46 | 19°44 | 3°20 | 2°01 | 1°05 | 0°25 | 0°324| .#
3 No.32 | -9+13 ] 23°50 | 10%05 | 17°15| 3°11 | 2°04 | 0°93 | 0°25 | 0°351 | 7
- No. 33 9+40 | 25°72| 10°16 | 15°88 | 3°03 | 1°82 | 0°85 | 0%24 | 0%384| #

No. 34 9°00 | 27°58 | 10°24 | 1315 | :3°01 | 2°28 | 1%05 | 024 | 0°369| #

| No.43 9°77 | 1460 | 992 — |68 | 217 | 0732 | 023 | 0389 | 7
4A | No.44 9°94 | 17737 993 - 6°04 | 223 | 023 | 0726 | 0v4za| 74
No. 45 9°70 | 19°83 | 9:87 — 6°23 | 282 | 0°53 | 027 | 0°372| 7
| No.41B | 986 | 1932 90| — 6°01 | 169 | 0°54 | 0°25 | 0-44 =
No.42B | 983 | 19°36| 10°11| — 5°97 | 2°13 | 0°70 | 021 | O‘e4 %
No.43B | '10A 20A | 10A | — 6°03 | 3°69 | 0°39 | 0°30 | 0%612|  #

4p |No.44B | 10A 20A | 10A | — 6°00 | 6°05 | 048 | 0730 | 0°634| 7#
No.46B | 10°17 | 20A | 10A| — 1°00 | 2°BA | 0°6A | 022 | 05A | #
No.47B | 10%42| 19°16| 10701 | — 2°02 | 2°5A | 0760 | 0722 | 0°62 ”
No.48B | 10°00 | 19°18 | 9+87 | — 4°04 | 246 | 0°51 | 025 | 0%3 | 7
No.49B | 9°60 | 19°56 |« 9760 | — 7°86 | 220 | 0°73 | 0427 | 0°52" | #
No.50 | 10°06 | 19°96 | 6°59 — 089 | 2°39 | 0%62 | 025 | 0'745| #
No.52 | 10°19| 19°30 | 6°55 — 2278 | 2'87 | 0°58 | 024 | 0859 | 4

No.53 | 10°31 | 20A | é0A | — 3°88 | 2°5A | 0°46 | 022 | 0°936| 4

‘No. 54 9°10 | 20°30 | 6°42 — 4°91 | 2°31 | 0°59 | 023 | 0°760| #

5A | No.54' | 885 | 19°44| 6°60 — 596 | 2°27 | 1%12 | 026 | 0°553| #
No. 55 10A | 20A | 6A — 2A 2°5A | 0°3A | 025 | 08A | #

No.56 | 10°23 | 20A | 6A — 2°03 | 2°5A | 071 | 020 | 0%872| 7

No.57 | 10°49 | 20A | 6A — 2A 2°5A | 090 | 024 | o0%810| #

No. 58 10A | 20A | 6A - 2/ 2°5A | 1°20 | (0°25A| 0'8A | 7

No.50B | 10°24 | 19°27.| 600 — 100 | 2°5A.| 1°0A | 028 | o-8A ”

sp | No.5t 10°03 | 19°85 | 6746 | — 1°89 | 244 | 0°95 | 023 | 0°906 | #
No.52B | 1031 | 19717 | 603 - 2°99 | 2°5A | 0°90 | 0°25A| 0764 | #
No.53B | 9+87 | 1920 | 5°90 — 4N | 2°BA | 0°94 | 0°25A| 0764 |

: N-155 1°5 | 20-227| 18-22 | 18-22 3 2°5 1°0 0°15 | 0°15 ”

‘Note b , — — : . :
. No. 11 9476 | 19°96 | 9'52 .| 20°13 | 3°01 | 2°79 | 0°97 | 0°21 | 07465 | Bal

- /A: Charged composition
Mo % 1~8% DEIFTEILIELLDTHS.- Xdic.  3:1-1° KRR

P —F51 Ni& 6% i FT5R01EN% 0°8% §i
HECTHDLDLDT, TD5 % 5A o No.50~No.
54" VY 2°5% W, 0°5% Nb —E L LT Mo & 1~6%
i, E 7= No.55~No.58 I3 2% Mo, 2.5% W' —igL
LT Nb % 0:3~1°2% icZ&{b X%, ¥~ 5B Rz
2°5% W, %Nb~%&LnﬁMo&1~wz@ﬁ@f
BExip @'C*Zbé

3. EBER:EE

3-1 Ni+Mn=20%, Fe+Cr= 53%+A%0&_j‘0b3~6(
«Cr, Mn 0% (' v— fz*ﬁ4)

Fig. 1 1% 700°C OFEREZRL=H DT, Crﬁgﬁm
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Fig. 1.

Effects of manganese and chromium on

age hardness of Ni~+Mn= 20%, Fe+Cr= 53%

type alloys at 700°C.
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Flg 2 Effects manganese and chromium on age

hardness of N1+_Mn 20%, Fe+Cr =53% type

alloys at 800°C.

. %Cr), No.23(8'88%Ma, 29,00“%01-), No. 24(11°64
%Ma, 19°25%Cr) No.25 (14°23%Mn, 25'24%Cr)
£FHB OB T, Mn £EITE—EL I Créa
B, %7 Cr ABIEE—ES micMnéz\Eé@i@“
E, S W 338 » Hhvs. Photo.2(a)~(c)
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s00hr BAEDZhEh No.2l,
OB CTEEIFE, AR L IR ERERE T 525
No. 23, No. 25508 T & ORI 2EHE TH % . Photo.
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B Mo ® % Ao B ox 1155

al No 2I1.I15%Mn.18,30%Cr)
b No.22(982%Mn,25.67%Cr )
¢ ) No.23(8.88%Mn,29,0%Cr)
d) No, 24 (11.64%Mn,19.25%Cr}
€)No0.25(14.23%Mn,25,24%Cr)

Photo. 1. Microstructures of alloys aged for

1000hr at 700°C. X400 (2/3)

< f :

a ] No2I(115%Mn,i930%Cr )
b/ No.23(8.88%Mn.290 %Cr)

Photo.2. Microstructures of alloys aged for
500hr"at 800°C. . X400 (2/3)

¢ ) No.25(14,23%Mn, 25.24%0r)

®

a) No.2I(115%Mr, I930%Cr) -
b) N, 23(8.88%Mn, 290%Cr)
¢)No,25(14 23%Mn, 25.24%Cr)

.
Photo.3. Microstructures of alloys aged: for
500hr at 900°C. X400 (2/3)

allNo, 210115%Mn.19,30%Cr)
b/No.23(8,88%Mn, 290 %Cc)
¢/No.34(9.00 %Mn, 2758 %Cr }.

Photo. 4. Microstructures of solution treated
‘ alloys. X400 (2/3)

\_ MxCe
. 6 .
) ' 6 6 6 -
M:Cs 'Maas' | ®
N (CN) NBICND & MeCe
: 6 &
. % . . s 50 55
\ ‘ ' 2 e

Fig. 3. X-ray diffraction 'patterh of elect
aged for 500hr at 800°C.

rolytically extracted residﬁes of No.23 alloy
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"’I‘a'.ble 2. EffectsTof manganese: and chromlum
.~ on: deformation. re51stance

“goooo o Testing temperature; 1200°C =
¢oin . Impact’ j"energy F5+5kg-m
; E(e)iorma— Degree of
, Specimen | resistance W‘)(I;}{;ng '
(kg /mm?) °
No.21 ) , :
(1 15%Mn, 19* 30%Cr) .34°0 18°52
No.22 , ’ ‘
(9 82%Mn, 25* 67%Cr)| . 30°3 20°49
No. 23 ¢ ‘
-(8* 88%Mn, 29° O%Cr) 339 18:96
No.24 i .
(iee 64%Mn, 19°25%Cr) 26°6 22°98
No. 25 ' ; B .
(14°23%Mn, 25°24%Cr)| = 23°4 26113 1)

Twmsm1mw0xm%rm@§@§§%mgmg’
Cr gROBEEZTT. Cr GREEE2LE Mo &

BEDFHIEL, Mo &RIEIE—E%51E Cr4BORS
i CTEMEE ST 5. No. 24, No.25pltoER
fmvEFhd 100mg/em? DLET; Mn % 10% Bk

Table 3. Effects of manganese and chromium’
‘on the oxidation re51stmg hproperty
(IOOOOC X 1oohr) '

g L _Weight increase by-
‘ Spec1men oxidation (mg/cm?)
No. 21 o ’ ’
(1 15%Mn, 19° SO%CI‘) . © 25152
No. 22 C
(9°82%Mn, 25 67%Cr) | - 29°34°
No. 23 o SRR
(8°889%Mn, 29°0%Cr) 6°14
No. 24 ‘ .
(11*64%Mn, 19° 25%Cr), - 101°97
No. 25 _ '
(14°23%Mn, '25°24%Cr) 13471
g e e .
’ : - co=20% |7
NE1O%
. #00r M= 10% - | %2
SRR PR Mos- 3%
350 F A W =25% 40
N \\0.’,;_9‘ Nos 1% o
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Fig. 5. Effect of chromlum on the creep 'f
rupture life and elongation.
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3-2 Cr+Co=40% HR&&KEI5 Cr OPHE
(Pv—F3RD ' '

3-2-1 FyEhER LHERAER

Fig. 61z 700°C ¢ ORBfER 2™ g, Cr ED
= oh, B LS E 5. Photo. 5 (a),
(b), (cﬂi No.30 (19°49%Cr), No.32 (2350
Cr), No.34 (27° 589%Cr) D4 FKD 700°C X500

V H N (20kg )
A

DRAT A EEIN L, CHPBILICFE LT

LB, Fig 7 vd No.3s KD 7 ) ~ TR O

ﬁ%ﬁ}%‘aﬁi(’“@xﬁﬂ%ﬁ[ﬁ’( M2Cs D BAl4n, Nb(C,

N) ofic CrMns@a'}fEﬁS“XJ%hé % 7z Photo.

4 ()L Wt&&ﬂgbt No.34 stEoigc r BT

aINo.30(1949%Cr)
< b)Ne.32(23.50%0r )
cINo.34(27.58%Cr)

Photo. 5. Microstructures of alloys aged for

500hr at 700°C. X400 (2/3)

A
8

8 .

/
- ,@134(2758%0&/J
L No.33(26.72%Cr) I
/ - LNaJ?/ZJ;SO%Lr/
\
e | Mo3102024% cr)
1 l No30(1949%Cr)

100 150 200 250 300 250 400 450 500
Heating - time.  (hr)

. o 6. h . ¢
hr B4 OB ER Licd DT, Cr 484 E T Fig. 6. Effect of chromium on age hardngss o erj+

Co=40% type alloys at 700°C.

LT )_A_i)‘;jofpév ‘No.33 (26°729%Cr) wdZ z A&
D a HEFD B, TOMBEMHEIC r & 7 -+ a ORI

b T EHbrs. Fig. 81k No.30~No.34 DO&HE

T2 T700°C ,800°C, 900°C @ﬁ%b’;é%‘%@ﬁ"
Hmax LR AH 2R LId 0T, WEhoORE
4 Hpax, 4H &% 70— 7 2B O%A L RREEZHR
FﬁiﬁﬁébohﬁTﬁéﬁmbwwané

3-2:2  HiEd L OHIET IRER
Table 4 [ ¥R LU 700°C, 800°C 0)3”61’%73 &aﬁﬂfﬁ
HORTRT. BROPIENIE 90~94ke /mm? ORFRIC
»y, CrEESHETICONT EINT2HEmABPS LD
5, 700°C Tk 56~59kg / mm? OFFEIC 5T Cr &
B L OB HE DD b OH L, 800°C T35
~42kg /mm? QAT Cr R8T LT ¥ 5
PR LIS, BEBMRCIIEIE TIE 10~18%, 700°C T

1T 15~30%, 800°C T 30~40% &EIRIE EHEKRTS.

3.2:3 7')~—7°E§%ﬁ§7&§%,‘ - o 4 o
Fig. 9 132 ) — FHNTREA, WERRHONC IS g Cr

1 MoCs

MiCs

Nb(CN)  M.sCs

i B t —1 3 1

MysCo

;o 35 40 R )
L ' 20

50 '. . 55

Fig. 7. X-ray diffraction pattern of electrolytlcally extracted residues of No. 34 alloy

. creep ruptured at 700°C
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i ’ Y T S Fig. 9. Effect of chromium on the creep
T A’;‘” [ , - rupture life and elongation of Co+Cr=40% |
o : | . - - type alloys. '
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, S o R ) L CHTRRIVE T 5. ChS0¥8N Cra g

- Table 4. Tensile test results at room tempera- ORI TEEILAAIE T S A B DS 7 2 54 R D2E R 2R
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Modification of Stainless and Heat‘—Resisting Steels

by Meaﬁs of Rare—Earths Addition.

) Masaybshz' HASEGAWA;, Mdsayuki SANO and Isao TANABE

Synopsis:

The authors have made a study of some effects of rare earths addition to steel for these
several years. In this report, the influences of addition of the RE(rare earth) -Ca-Si complex

alloys (of domestic commercial product) ‘to stainless steels (AISI type 201, 202, 304 and 430),

stainless alloy (20 series, equivalent to Carpenter 20) and heat resistant alloys (Iron-base

Ni-Cr-Mo, .equivalent to Timken 16-25-6; Ni-base, to Nimonic 90; and Fe-Cr-Al alloys)  are

summarized. The ingdt weights of type 304 and 20-series alloy were 30~50 kg, and those of

other laboratory-made ones were about 4kg, and 0°15~0'6 wt% of RE-alloys were added in the

furnace just before casting. Besides, to check up the influence of calcium and silicon con-
tained in RE alloy, comparatxve specimens (added 0°2-0°5 wt% "of Ca—S1 alloy) of type 201,
202 and 430 steels were melted, respectively.

The authors investigated mainly the effects of RE—alloys upon m1crostructure, mechanical
propert1es, ductility at high temperature, anticorrosion and oxidation properties: particularly,
on the subject of ductility at high temperature, ‘sub-size 1mpact, impact-~ bending, torsion,
bending and tensile tests were carried out elaborately. ,
~ Main results of experiments obtained are as follows:

(1) Treatment with RE-Ca-Si decreased the non-metallic 1nc1uswns in alloys, especially
A-series (ductile sulphides and ‘silicates) and B-series (alumina), and 1t appears better to
use RE-Ca-Si than to use RE metals or Ca Si alloy alone.
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